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QUALITY ASSURED 


Our quality system focuses on the continuing high quality of our 
components and the best possible service for our customers. We have © 
a three-sided quality strategy: we apply a system of total qualitycontrol 
and assurance; we operate customer-oriented dynamic improvement _ 
programmes; and we promote a partnering relationship with our 
customers and suppliers. 


PRODUCT SAFETY 


In striving for state-of-the-art perfection, we continuously improve 
components and processes with respect to environmental demands. 
Our components offer no hazard to the environment in normal use 
when operated or stored within the limits specified in the data sheet. 


Some components unavoidably contain substances that, if exposed by 
accident or misuse, are potentially hazardous to health. Users of these 
components are informed of the danger by warning notices in the data 
sheets supporting the components. Where necessary the warning 
notices also indicate safety precautions to be taken and disposal 
instructions to be followed. Obviously users of these components, in 
general the set-making industry, assume responsibility towards the 
consumer with respect to safety matters and environmental demands. 


All used or obsolete components should be disposed of according to 
the regulations applying at the disposal location. Depending on the 
location, electronic components are considered to be ‘chemical, 
‘special’ or sometimes ‘industrial' waste. Disposal as domestic waste is 
usually not permitted. 
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Preface 


The 1994 Philips Semiconductors Programmable Logic Devices Data Handbook 
contains all the information a designer needs to implement virtually any logic 
design in a PLD. 


Philips offers a variety of programmable logic devices which have been tailored to 
implement a wide range of applications. 


In addition to a full complement of industry standard PAL-type devices, Philips 
offers several application specific devices. 


For ultra high speed applications, the Philips PLAs are the right solution. The 
logical power of two programmable arrays makes complex decoding easy. The 
PLUS153 and the PLUS173 offer 32 input wide AND-OR decoding, with a worst 
case Tpp of 10ns. 


Designers using high performance DRAM, VRAM and graphics devices will 
appreciate the variety of complex state machines which include the PLC42VA12, 
PLC415, PLUS405 and the PLUS105. Check out the new 70 MHz PLUS105 in 
Section 5. 


The PLC18V8Z can replace virtually all 20 PALs and GALs. The zero standby 
power of 20 micro amps is the lowest of any available PLD. 


For maximum density in truly compact systems, the Programmable Macro Logic 
family is the right choice. These field programmable gate arrays are ideal for bus 
interface applications which require very wide gates. 


The newest addition to the Philips PLD line is a family of low voltage devices (2.7 
to 3.6 volts). Refer to Section 6 for details on the zero standby power P3C18V8Z 
Universal PAL device and the 3 very high speed BiCMOS devices. 


Designing and programming of Philips PLDs is easy; many third party software 
and programmer vendors support the entire line of Philips devices. Section 10 
details information on the approved software and programmer vendors, as well as 
all the latest software and firmware revisions. 


For ideas on how to implement your designs, take a look at all the application 
notes in Section 11 of this manual. 


Philips provides a high level of customer service via our 24-hour computer bulletin 
board and our staff of applications engineers who are ready to answer all your 
design and software related questions. The toll free bulletin board number (from 
the USA only) is (800) 451-6644. It may also be reached at (408) 991-2406. 
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Programmable Logic Sequencer (16% 45 * 12); T4MAZ 2.4 c cc cece ce cm ces sate scan enernenens 249 
Programmable Logic Sequencer (16 x 45 x 12); 18MHZ.. 2... eee 261 
Programmable Logic Sequencers (14 x 48 x 6); 14, 2OMHZ .. 1.2... 0... ee eee 273 
Programmable Logic Sequencers (12 x 48 x 8); 14, 2OMHZ .... 2.2... 0... eee eee 285 
Programmabie Logic Airay (22% 42 K 10); SONS ons ce ccccwmerneee et nenpediversenvsmaneens 203 
Programmable Logic Sequencer (20 x 45 x 12); 18MHZ... 6.6... eee 297 
PAL Devices (16L8, 16R4, 16R6 and 16R8);7.5ns & 10ns .... 6. eee 71 
PAL Devices (20L8, 20R4, 20R6 and 20R8); 7.5ris & IONS .2 ccs ccscciaevasesewscees eae eiawe 87 
Programmable Logic Sequencer (16 x 48 x 8); 45MHZ ...... 2... 2 ee eee ee eee 360 
Programmable Logic Sequencer (16 x 48 x 8); 55MHZ ... 2... ee eee 373 
Programmable Logie Sequencer (16 x 48 x8); JOMHZ . .. «2. nnn ccassenneneeeenaeedereeceus 386 
Programmable Logic Arrays (18x 42 x 10); 15/12ns 2.0... ete nee 187 
Programmabie Logic Atray (18x 42 % 10): TONS 2. cin cdasackecenawavaciceeed staves eurenees 195 
Programmable Logic Arrays (22 x 42x 10); 15/12ns 2.0... ee eee eens 211 
Programmable Logic Array (22 * 42 * 10); TONS 042. c0ccacdactecesaiontesasenedeecnnenrens 219 
Programmable Logic Sequencers (16 x 64 x 8); 37, 45MHZ .. 0... ee eee 399 
Programmable Logic Sequencer (16 x 64 x 8); 55MHZ... 2.22. eee 415 
CMOS Programmable Electrically Erasable Logic Device ..... 0... 0... cee eee 103 
CMOS High Density Programmable Macro Logic ............ 0.0 cee ccc eee etn eens 467 
CMOS High Density Programmable Macro Logic ........ 0... cece ee eee ete e eens 486 
3 Volt zero standby power universal PAL Devices .......... 0... tenes 433 
ECL Programmable Array LOGIC: 4.5NS .. i. . sc ee ews hae bw ibe ean eee edd RRA T Ee ee aw Re 148 
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Product Status 


DEFINITIONS 


Data Sheet 


Identification Product Status Definition 


This data sheet contains the design target or goal specifications for 


Objective Specification | F tive or in Design product development. Specifications may change in any manner 
without notice. 


This data sheet contains preliminary data, and supplementary 
data will be published at a later date. Signetics reserves the right 
to make changes at any time without notice in order to improve 
design and supply the best possible product. 


Preliminary Specification| Preproduction Product 


This data sheet contains Final Specifications. Signetics reserves 
. . - the right to make changes at any time without notice, in order to 
Product Specification Full Production 
= improve design and supply the best possible product. 
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Philips Semiconductors Programmable Logic Devices 


Selection guide 


INTERNAL 
PHILIPS ARCHITECTURE TOTAL PRODUCT STATE 
SEMICONDUCTORS | (Inputs x Terms* INPUTS TERMS PER | REGISTERS OUTPUTS 
PART NUMBER x Outputs) (# Dedicated) | ORGATE | (#Dedicated) | C,1/0,R,RVO 


PAL DEVICES 
10H20EV8—4/ 
10020EV8-—4 
PHD16N8-5 
PHD48N22-7 
PLUS16L8—7 
PLUS16R4—7 
PLUS16R6-—7 
PLUS16R8-7 
PLUS16L8D 
PLUS16R4D 
PLUS16R6D 
PLUS16R8D 
PLUS20L8-—7 
PLUS20R4-7 
PLUS20R6-—7 
PLUS20R8-7 
PLUS20L8D 
PLUS20R4D 
PLUS20R6D 
PLUS20R8D 
ABT22V 10-7 


PL22V10-15/115 


PL22V10-12 


PL22V10—10 


PLC18V8Z35 
PLC18V8ZI 


PLC18V8225 
PLC18V8ZAT 


P3C18V8Z25 # 
P3C18V8ZAI # 


P3C16V8-7 + # 
P3C20V8-7 + # 
LVT22V10-7 + # 


PLS100/101 
PLS153 
PLS153A 
PLUS153B 
PLUS153D 
PLUS153-10 
PLS173 
PLUS173B 
PLUS173D 
PLUS173-10 


December 1993 


20 x90 x8 
16x 16 x8 
48 x 73 x 22 
16 x64x8 
16 x64x8 
16 x64x8 
16 x64 x8 
16 x64x8 
16 x64 x8 
16 x64x8 
16 x64x8 
20 x 64 x8 
20 x 64 x8 
20 x 64 x8 
20 x 64x 8 
20 x 64 x 8 
20 x 64 x8 
20 x 64 x8 
20 x 64 x8 
22 x 130 x 10 


22 x 130 x 10 


22 x 130 x 10 


22 x 130 x 10 


18x 74x8 


18 x 74x8 


18x 74x8 
18 x64x8 
22 x64x8 
22 x 130 x 10 


16x 48x8 
18 x 42x10 
18 x 42x 10 
18 x 42x 10 
18 x 42x 10 
18 x 42x 10 
22 x 42x 10 
22 x 42x 10 
22 x 42 x 10 
22 x 42x 10 


20 (12) 
16 (10) 
48 (36) 
16 (10) 
16 (8) 
16 (8) 
16 (8) 
16 (10) 
16 (8) 
16 (8) 
16 (8) 
20 (14) 
20 (12) 
20 (12) 
20 (12) 
20 (14) 
20 (12) 
20 (12) 
20 (12) 
22 (12) 


22 (12) 


22 (12) 


22 (12) 


18 (8) 
18 (8) 


18 (8) 
18 (10) 
22 (14) 
22 (12) 


16 (16) 
18 (8) 
18 (8) 
18 (8) 
18 (8) 
18 (8) 
22 (12) 
22 (12) 
22 (12) 
22 (12) 


oo oO 0c 0c0cUcrcUWUCUlcOWUCUcOUlUcOlUO 


8 varied 
2C,6 1/0 
10 C, 12 1/0 
2C,6 0 
4V0,4R 
2V0,6R 
8R 
2C,61/0 
4V0,4R 
2 VO, 6R 
8R 
2C,61/0 
4V0,4R 
2V0,6R 
8R 
2C,61/0 
41/0, 4R 
2V0,6R 
8R 
10 varied 


10 varied 
10 varied 
10 varied 
8 varied 
8 varied 


8 varied 
8 varied 
8 varied 
10 varied 


—250mA 
180mA 
420mA 
180mA 
180mA 
180mA 
180mA 
180mA 
180mA 
180mA 
180mA 
210mA 
210mA 
210mA 
210mA 
210mA 
210mA 
210mMA 
210mA 
210mA 


90mA, 
0.5mA/MHz 


90mA, 
0.5mA/MHz 


110mA, 
0.5mA/MHz 


100A, 
1.5mA/MHz 


100pA, 
1.5mA/MHz 


60pA, 
0.8mA/MHz 
150mA 
150mA 
150mA 
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selection guide 


PHILIPS 
SEMICONDUCTORS 
PART NUMBER 


PLS105 
PLS105A 
PLUS105—-45 
PLUS105-55 
PLUS405-37 
PLUS405—-45 
PLUS405-55 
PLS155 
PLS157 
PLS159A 
PLS167 
PLS167A 
PLS168 
PLS168A 
PLS179 


ARCHITECTURE 
(Inputs x Terms* 


x Outputs) 


22 x 48 x8 
22x 48 x8 
22 x 48 x8 
22x 48x8 
24 x 64 x8 
24 x64x8 
24 x 64x8 
16x 45x12 
16 x 45 x 12 
16 x 45x 12 
22 x 48 x6 
22 x 48 x6 
22 x 48 x8 
22 x 48 x8 
20x 45 x 12 


22 (16) 
22 (16) 
22 (16) 
22 (16) 
24 (16) 
24 (16) 
24 (16) 
16 (4) 
16 (4) 
16 (4) 
22 (14) 
22 (14) 
22 (12) 
22 (12) 
20 (8) 


PRODUCT 
TERMS PER 
OR GATE 


Up to 48 
Up to 48 
Up to 48 
Up to 48 
Up to 64 
Up to 64 
Up to 64 
Up to 32 
Up to 32 
Up to 32 
Up to 48 
Up to 48 
Up to 48 
Up to 48 
Up to 32 


INTERNAL 

STATE OUTPUTS 
REGISTERS | C,VO,R,RI/O 
(# Dedicated) 


8R 
8R 
8R 
8R 
8R 
8R 
8R 
81/0,4R V0 
6 10,6R VO 
410, 8RV/O 
6R 
6R 
8R 
8R 
410,8RI/O 


PLCO42VA 12/1 42x 105x 12 42 (10) Up to 64 10/0 or R VO, 
20 


PLC415-16 25 x 68 x 8 25 (17) Up to 64 8R 


PLHS501 104 x 116 x 24 32 (24) Up to 1366 16C,8 VO 
PML2552-35 205 x 210 x 24 53 (29) Up to 258+ 36 (20) 81/0, 16R VO 
PML2552-50 205 x 210 x 24 53 (29) Up to 2584 36 (20) 8 1/0, 16R VO 
PML2852-35 205 x 210 x 40 53 (29) Up to 2586 36 (20) 16C, 8 VO, 
16R VO 
PML2852-50 205 x 210 x 40 53 (29) Up to 2586 36 (20) 16C, 8 l/O, 
16R VO 
PAL Device = Programmable Array Logic R = Registered output Product terms per NAND gate 
(Fixed OR Array)-Type I/O = Combinatorial I/O PAL is a registered trademark of AMD. 
PHD = Programmable High-Speed Decoder R I/O = Registered I/O PML is a trademark of Philips 
PLA = Programmable Logic Array Semiconductors. 
PLS = Programmable Logic Sequencer NOTES: + Under development 


PML = Programmable Macro Logic # 3 Volt devices 


fuax = 1/(tis + tcexo) worst case 
* Includes control product terms 
OUTPUTS: 

C = Combinatorial output 


All packages refer to DIP configurations except PHD48N22, PML2552 and PML2852, which are offered in PLCC only. 
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Ordering Information 


PLD PRODUCTS 


Example: P(L) XX YYYY Q P 
Ty LJ Package Code 


A = 20-, 28-, 52-, 68-, 84-lead Plastic Leaded Chip Carrier (PLCC) 
D = 20-, 24-Pin Plastic SO (300-mil) 

F = 20-, 24-, 28-Pin Ceramic Dual In-Line 

N = 20-, 24-, 28-Pin Plastic Dual In-Line 

FA = 20-, 24-Pin Ceramic Dual In-Line with Quartz Window 

KA = CerQuad (window) 


Performance indicator 
Z = Zero standby power devices 
blank, A, B, D, -35, -7, etc. = propagation delay (ns) 
-37, -45, -55, etc. = operating frequency (MHz) 


Basic Part Number 
(3 to 8 characters) 
(e.g., 100, 105, 153, 168, 173, 18P8, 42VA12) 


Process/Architecture Indicator 


Bipolar Junction Isolated Schottky — Nichrome fuses 
CMOS — EPROM cells 

High Speed Bipolar Oxide Isolated — Vertical Fuse 
High Speed Bipolar Oxide Isolated — Lateral Fuse 
High Speed Decoder 

Macro Logic 

(Blank for ECL devices) 


Indicator for Philips Programmable Logic 
(Can be either P, PL, P3, or blank) 
(P for PHD and PML and blank for ECL devices) 


Operating temperature range = 0 to +70°C 
EXCEPT: PLC18V8ZI = —40 to +85°C 
PL22V10115 = —40 to +85°C 


GAL is a registered trademark of Lattice Corp. 
PAL is a registered trademark of MMI, Corp., a wholly-owned subsidiary of Advanced Micro Devices (AMD), Inc. 
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Introduction 


Introduction Programmable logic 
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Programmable logic 


Introduction 


WHAT IS PROGRAMMABLE 


LOGIC? 

In 1975, Philips Semiconductors developed a 
new product family by combining its expertise 
in semi-custom gate array products and 
fuse-link Programmable Read Only Memories 
(PROMs). Out of this marriage came Philips 
Semiconductors Programmable Logic Family. 
The PLS100 Field-Programmable Logic Array 
(FPLA) was the first member of this family. 
The FPLA was an important industry first in 
two ways. First, the AND/OR/INVERT 


architecture allowed the custom 
implementations of Sum of Product logic 
equations. Second, the three-level fusing 
allows complete flexibility in the use of this 
device family. All logic interconnections from 
input to output are programmable. 


Figure 1 shows the architecture of a high 
performance sequencer combining a PLA 
architecture with JK flip-flops. The Selection 
Guide shown on pages 12 and 13 of this data 
handbook shows the current spectrum of 


“COMPLEMENT” 


ARRAY 


48 AND GATES 


NOTES: 
|, P, C, N, F and P/E are user-programmable connections. 
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STATE 
REGISTER 


Figure 1. 


High Speed Sequencer 


17 


Philips Semiconductors PLDs. Parts for every 
need are available in nearly every 
architecture and across at least three 
technologies. The PLUS and PLHS prefixes 
describe bipolar parts, the PLC and P3C 
prefix describes EPLD (CMOS) parts and the 
PLQ and P3Q prefix refers to the new Philips 
Semiconductors QUBiC BiCMOS process. 
Figure 2 shows a shorthand image of the 
PLUS153 programmable logic array (PLA), 
which was derived from the original PLS100. 
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Programmable logic Introduction 


Figure 2. PLUS153 20-Pin Functional Diagram 
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PLD LOGIC SYNTHESIS 

No intermediate step is required to implement 
Boolean Logic Equations with PLDs. Each 
term in each equation simply becomes a 
direct entry into the Logic Program Table. 
The following example illustrates this 
straightforward concept: 


Xo = AB+ CD + BD 
X; =AB+CD+EFG 


POLARITY 


ae ae oe 


P-Terms 
Po = AB 
=CD 
P, = BD 
P; = AB 
P, = EFG 


Xp = Po + P; + Po 
X, = Ps + P; + Py 


T 
E 
M 
To | 
aa 
2! 
| 44 | 
45 
| 46 | 
= 
LW 
== 
zs 
<x 
ad 7 


X4 


Xp = AB+ TD + BD X, = AB+CD+EFG 


Figure 4. Equivalent Fixed Logic Diagram 
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Programmable logic Introduction 
In the previous example, the two Boolean Step 1 
Logic equations were broken into Product Select which input pins lp — I15 will 
terms. Each P-term was then programmed correspond to the input variables. In this 
into the P-term section of the PLA Program case A — Gare the input variable names. Ig 
Table. This was accomplished in the following through Ig were selected to accept inputs 
manner. A—G respectively. 


TICI-E II +I 


= 
Wu 

c= 

Fa <= 

a= 

> 

Figure 5. 
Step 2 This P-term translates to the Program Table This term is defined by selecting C =|l4=L 
Transfer the Boolean Terms to the PLA by selecting A = lg = H and B = Is = H and and D = |g = H, and entering the data into the 
Program Table. This is done simply by entering the information in the appropriate Program Table. Continue this operation until 
defining each term and entering it on the column. all P-terms are entered into the Program 
Program Table. P,=-CD Table. 
e.g., Po = AB 


POLARITY 


x ia sa eH 


VARIABLE 


Figure 6. 
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Step 3 

Select which output pins correspond to 
each output function. In this case Fo = 
Pin 18 = Xo, and F, = Pin 17 = X. 


POLARITY 


a a a 


Wu 

al 

co 

= 

cc 

<x 

> 

Figure 7. 

Step 4 this equation. Therefore, it is only necessary be expressed as X; by placing an (L) in the 
Select the Output Active Level desired for to place an (H) in the Active Level box above Active Level box above Output Function 1, 
each Output Function. For Xo the active Output Function 0, (Fo). Conversely, X; can (F4). 


level is high for a positive logic expression of 


POLARITY 


ae Do 


T 
E 
M 
Oo | 
are 
| 
3 
rem 
| 44 
| 45 
| 46 
as 
WwW 
= 
— << 
ez 
> 


Figure 8. 


November 1993 21 


Philips Semiconductors Programmable Logic Devices 


Programmable logic Introduction 
Step 5 Terms which are not active fora given output Step 6 
Select the P-Terms you wish to make are made inactive by placing a(*) inthe box —_ Enter the data into a Philips Semiconductors 
active for each Output Function. In this under that P-term. Leave all unused P-terms — approved programmer. The input format is 
case Xo = Pp + P; + Po, soanA has been unprogrammed. identical to the Philips Semiconductors 
placed in the intersection box for Po and Xo, Continue this operation until all outputs have Program Table. You specify the P-terms, 
P, and Xg and Po and Xo. been defined in the Program Table. Output Active Level, and which P-terms are 


active for each output exactly the way it 
appears on the Program Table. 


POLARITY 


x pa Od 


Xo = Po + Py + Pp 
X, = P3 + P, + P, 


aiatebetetehtt hb 


Figure 9. 


| 45 | 

ie 
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Ww 
= 
c= 
— 
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PLD LOGIC SYNTHESIS PLUS153 is a PLA with 8 inputs, 10 /O pins, the direction of pins Bp — Bg. The D-terms 
(Continued) and 42 product terms. The user can configure control the 3-State buffers found on the 
When fewer inputs and outputs are required the device by defining the direction of the I/O outputs of the Ex-OR gates. Figures 10 and 
in a logic design and low cost is most pins. This is easily accomplished by using the "1 show how the D-term configures each By 


important, the Philips Semiconductors 20-pin direction control terms Do — Dg to establish pin. 
PLD should be considered first choice. The 


3-STATE 
BUFFER 


) Or ) >pD 
Xo 3-STATE 
BUFFER 


Figure 10. PLUS153 Functional Diagram 


OUTPUT 
O Bg 


3-STATE TATE 
BUFFER ACTIVE — BUFFER INACTIVE 


(OPEN) 


a. Dg Active Makes By Appear as an Output b. Dg Inactive Makes By Appear as an Input 
with Feedback 


Figure 11. 
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To control each D-term, it is necessary to ways. A HIGH can be forced on all control Programming the fuse permanently places a 
understand that each control gate is a gate input nodes, or fuses can be HIGH (1) on the input to the control gate. The 
36-input AND gate. To make the 3-State programmed. When a fuse is programmed, input pin no longer has any effect on that 
buffer active (B, pin an output), the output of that control gate input node is internally state. 
the control gate must be at logic HIGH (1). pulled up to HIGH (1). See Figure 12 and 
This can be accomplished in one of two Figure 13. 


FUSE INTACT 


| = HIGH (1) | = LOW (0) 


CONTROL GATE CONTROL GATE 


TO AND L TOAND 
ARRAY ARRAY 


Bx = OUTPUT o By = INPUT 
3-STATE 3-STATE 


BUFFER BUFFER 


Figure 12. Input Effect on Control Gates (Fuse Intact) 


FUSE PROGRAMMED 


| = HIGH (1) 


CONTROL GATE 


TO AND 
ARRAY 


By = OUTPUT 
3-STATE 


BUFFER 


Figure 13. Effect on Control Gate if Fuse is Programmed 
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DEDICATING By PIN DIRECTION Write-Only-Memory (WOM), most Gates are HIGH (1), the output is HIGH (1) 
Since each input to the D-terms is true and applications require at least one output. and the 3-State buffers for Bp and B, are 
complement buffered (see Figure 11), when Clearly, the first task is to determine which of active. This permanently enables By and B, 
the device is shipped with all fuses intact, all the By pins are to be outputs. The next step as outputs. Note that even though Bo and B, 
control gates have half of the 36 input lines at _'s to condition the control gate to make the are outputs, the output data is available to the 
logic low (0). The result of this is all Control 3-State buffer for those gates active. To AND array via the internal feedback (see 
Gate outputs are low (0) and the 3-State dedicate Bp and B; as outputs, itis necessary _ Figure 11a). 
buffers are inactive. This results in all Bx pins to program all fuses to the inputs to Control To program this data, the PLUS153 Program 
being in the input condition. the resultant Gates Do and Dy. This internally pulls all Table is used as shown in Figure 14. 
device is, therefore, an 18-input, O-output inputs to those gates to HIGH (1) 

FPLA. While useful as a bit bucket or permanently. since all inputs to the Control 


active _| A | 
[inactive] ° | 


PROGRAM TABLE ENTRIES 


INACTIVE 
DON'T CARE 


Thus a background of entries corresponding 
to states of virgin links exists in the table, 
shown BLANK for clarity. 

2. Unused | and B bits in the AND array are 
normally programmed Don't Care (—). 


VARIABLE 
NAME 


1. The FPLA is shipped with all links intact. 
3. Unused product terms can be left blank. 


Figure 14. Dedicating Bo and B, as Outputs and Bz Through Bg as Inputs 
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By placing a (—) Don't Care in each input 
box you are specifying that the True and 
Complement fuses are programmed on each 
Control Gate, thus permanently dedicating 
the Bo and B, pins as outputs. By placing a 
(0) in all input boxes for Bo - Bg, you are 
specifying that both True and Complement 
fuses are intact. This causes a low (0) to be 
forced on half of the Control Gate inputs, 
guaranteeing the output of the Control Gate 
will be low (0). When the Control Gate 
outputs are low (0), the 3-State buffer is 


ACTIVE 


INACTIVE pe | 


PROGRAM TABLE ENTRIES 


INACTIVE 
DON'T CARE 


Le») 
£ 
eo 
oD 
g = 
® 
= s 
8c 
wo 
ao 
= 2 
=< 
5 o 
6 2 
zs 
2c 
22 
2> 
ire) 
on 
o 2 
o & 
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> 
= 
= 
© 
as) 
— 
2 
x 
Zz 
< 
| 
a 
Cc 
= 
° 
£ 
2) 


1. The FPLA is shipped with all links intact. 
2. Unused | and B bits in the AND array are 
normally programmed Don't Care (—) 

3. Unused product terms can be left blank. 


NOTES: 


inactive and the Bo - Bg pins are enabled as 
inputs. All By pin directions can be controlled 
in this manner. 


ACTIVE DIRECTION CONTROL 
Sometimes it is necessary to be able to 
actively change the direction of the By pins 
without permanently dedicating them. Some 
applications which require this include 3-State 
bus enable, multi-function decoding, etc. This 
can easily be done by programming the 


Introduction 


Control Gate to respond to one or more input 
pins. It is only necessary to select which ly 
and By pins will control the pin directions and 
the active level HIGH (H) or LOW (L) that will 
be used. The PLUS153 Program Table in 
Figure 15 shows the method of controlling 

Bo — Bg with l7. When I7 is LOW (L), pins 

Bo — Bg are outputs; when !7 is HIGH (H), 
pins Bo — Bg are inputs. Note that by 
programming all other ly and By pins as 
DON'T CARE (—), they are permanently 
disconnected from control of By pin direction. 


Figure 15. Active Control of Bg — B, Using |, Active Low (L) 
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The previous 28-pin logic synthesis example Philips Semiconductors offers two packages Programmable Macro Logic users, Philips 
could be done on the PLUS153 as follows: for user-friendly design assistance. The first Semiconductors developed an additional 

X, =AB+CD+BD package, AMAZE, has evolved over 10 years _—_ software package called SNAP. SNAP 

7 to support Philips Semiconductors expands upon the capabilities of AMAZE in 

X, =AB+CD+EFG programmable products with logic equation, its approach to design implementation, more 
Note that By was used as a CHANGE input. state equation, and schematic entry. AMAZE closely resembling a gate array methodology. 
When By is HIGH (H) the outputs appear on can compile designs quite well for Philips Both of these products are described in more 

Semiconductors lower density parts. depth at a later point in this handbook. 


Bg and Bg. When Bo is LOW (L), the outputs 
appear on Bg and B7. B, through Bs are not 
used and therefore left unprogrammed. 


However, to satisfy the needs of 


a 
ROBO 
efaretat [TT TT 
fAtayatal Pout td 
po fel || —y—|—|—] ~|—]-) —| -] -| ~~ |] -]-| 
| 4 | —f—}—]—pa [a] | —]—]—-y —] -] -] -j [| —-| 


ACTIVE _| 
LINACTIVE| 


PROGRAM TABLE ENTRIES 


DON'T CARE | —| 


INACTIVE 


Thus a background of entries corresponding 
to states of virgin links exists in the table, 
shown BLANK for clarity. 

2. Unused | and B bits in the AND array are 
normally programmed Don't Care (—). 

3. Unused product terms can be left blank. 


1. The FPLA is shipped with all links intact. 


NOTES: 
mMOZP>=IrO 
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Figure 16. PLUS153 Example 
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SEQUENTIAL LOGIC 


CONSIDERATIONS 

The PLUS405, PLUS105 and PLC42VA12 
represent significant increases in complexity 
when compared to the combinatorial logic 
devices previously discussed. By combining 
the AND/OR combinatorial logic with clock 
output flip-flops and appropriate feedback, 
Philips Semiconductors has created the first 
family of totally flexible sequential logic 
machines. 


The PLUS405 (Programmable Logic 
Sequencer) is an example of a high-order 
machine whose applications are many. 
Application areas for this device include 
VRAM, DRAM, Bus and LAN control. The 
PLUS405 is fully capable of performing fast 


REGISTER 


sequential operations in relatively high-speed 
processor systems. By placing repetitive 
sequential operations on the PLUS405, 
processor overhead is reduced. 


The following pages summarize the 
PLUS405 architecture and features. 


Sequencer Architecture 

The PLUS405 Logic Sequencer is a 
programmable state machine, in which the 
output is a function of the present state and 
the present input. 


With the PLUS405, a user can program any 
logic sequence expressed as a series of 
jumps between stable states, triggered by a 
valid input condition (I) at clock time (t). All 
stable states are stored in the State Register. 


The logic output of the machine is also 
programmable, and is stored in the Output 
Register. The PLUS105 is a subset of the 
PLUS405. 


Clocked Sequence 

A synchronous logic sequence can be 
represented as a group of circles 
interconnected with arrows. The circles 
represent stable states, labeled with an 
arbitrary numerical code (binary, hex, etc.) 
corresponding to discrete states of a suitable 
register. The arrows represent state 
transitions, labeled with symbols denoting the 
jump condition and the required change in 
output. The number of states in the sequence 
depends on the length and complexity of the 
desired algorithm. 


| © = INPUT 


STATE 


@) = PRESENT STATE 


@) = NEXT STATE 


© = NEXT OUTPUT 


COMBIN. 


LOGIC Vv 
OUTPUT 
REGISTER 


Figure 17. Basic Architecture of PLS105 FPLS. I, P, N, and F are Multi-line 
Paths Denoting Groups of Binary Variables Programmed by the User. 


|, 3 are jump conditions which must be satisfied before any 
transitions take place. 
F, are changes in output triggered by |,,, and stored in the 
output register. 
State transitions a — b and c — d involve no output change. 


Figure 18. Typical State Diagram. 
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The arrow connecting the two states gives rise to a transition 
term T,. | is the jump condition. 


Figure 19. Typical State Transition 
Between Any Two States of Figure 18. 
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State Jumps 

The state from which a jump originates is 
referred to as the Present state (P), and the 
state to which a jump terminates is defined as 
the Next state (N). A state jump always 
causes a change in state, but may or may not 
cause a change in machine output (F). 


State jumps can occur only via “transition 
terms” T,. These are logical AND functions of 
the clock (t), the Present state (P), anda 
valid input (I). Since the clock is actually 
applied to the State Register, T, = leP. When 
Ty, is “true”, a control signal is generated and 
used at clock time (t) to force the contents of 
the State Register from (P) to (N), and to 
change the contents of the Output Register (if 
necessary). The simple state jump in 

Figure 20, involving 2 inputs, 1 state bit, and 
1 output bit, illustrates the equivalence of 
discrete and programmable logic 
implementations. 


Figure 20. Typical State Jump From State (0) to State (1), 
if Inputs A = B = “1”. The Jump Also Forces F = “1”, as Required. 


Sequencer Logic Structure 
The Sequencer consists of programmable m@——— LOGIC TERMS T —___ 
AND and OR gate arrays which control the 
Set and Reset inputs of a State Register, as 
well as monitor its output via an internal 
feedback path. The arrays also control an 
independent Output Register, added to store 
output commands generated during state 
transitions, and to hold the output constant 
during state sequences involving no output 
changes. If desired, any number of bits of the 
Output Register can be used to extend the 
width of the State Register, via external 
feedback. 


OPTIONS 


47 46 


Figure 21. Simplified Logic Diagram of PLUS105 
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PAIR 


Figure 22. Typical AND Gate Coupled to (I) and (P) Inputs. 
If at Least One Link Pair Remains Intact, T,, is Unconditionally Forced Low. 


Lb 


Figure 23. Choice of Input Polarity Coupling to a Typical 
AND Gate. With Both Links Open, (I) is Logically Don’t Care. 


Input Buffers 

16 external inputs (l,,) and 6 internal inputs 
(Ps), fed back from the State Register, are 
combined in the AND array through two sets 
of True/Complement (T/C) buffers. There are 
a total of 22 T/C buffers, all connected to 
multi-input AND gates via fusible links which 
are initially intact. 


Selective fusing of these links allows coupling 
either True, Complement, or Don't Care 
values of (Im) and (Ps). 


“AND” Array 


a _ at clock time by valid transition terms Tp. 
lols Pa lolz Io Pa These are logical AND functions of the 
present state (P) and the present input (I). 


Figure 24. Typical Transition Terms The PLUS105 AND Array contains a total of 
Involving Arbitrary Inputs and State 48 AND gates. Each gate has 45 inputs — 
Variables. All Remaining Gate Inputs 44 connected to 22 T/C input buffers, and 

Are Programmed Don’t Care. Note 1 dedicated to the Complement Array. The 
That Tz Output is State Independent. outputs of all AND gates are propagated 
through the OR Array, and used at clock time 
(t) to force the contents of the State Register 
from (P) to (N). they are also used to control 
the Output Register, so that the FPLS 8-bit 
output F, is a function of the inputs and the 
present state. The PLUS405 contains 64 
AND gates in its’ AND array. 
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“OR” Array 

In general, a clocked sequence will consist of 
several stable states and transitions, as 
determined by the complexity of the desired 
algorithm. All state and output changes in the 
state diagram imply changes in the contents 
of State and Output Registers. 


Thus, each flip-flop in both registers may 
need to be conditionally set or reset several 
times with T, commands. This is 
accomplished by selectively ORing through a auacur 
programmable OR Array all AND gate REGISTER 
outputs T, necessary to activate the proper 
flip-flop control inputs. 


The PLUS105 OR Array consists of 14 pairs 
of OR gates, controlling the S/R inputs of 14 
State and Output Register stages, anda 
single NOR gate for the Complement Array. REGISTER 
All gates have 48 inputs for connecting to all 
48 AND gates. The PLUS405 uses 64 input 
gates. 


The PLUS405 contains 16 pairs of OR gates 

controlling state transitions and output stages 

and two additional NOR gates for dual 

complement arrays. Figure 25. Typical OR Array Gating of Transition Terms T, > 3 Controlling 
Arbitrary State and Output Register Stages. 


AND ARRAY 


COMPLEMENT 
ARRAY LOGIC 
PATH 


OR ARRAY 


Figure 26. The COMPLEMENT Array is Logically Constructed from a 
Multiple Input Programmable NOR Gate. All AND Terms Coupled to the 
OR Gate are Complemented at the Inverter Output, and Can be Fed Back 
as Inputs to the AND Array. 
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TRANSITION TERMS 


Ty = PoX 
DIRECT 


COMPLEMENT ARRAY 
Tas Por T3 = Po(PoX + PoY) 
Tg = PolPo(X + Yi 
Tg = Po[Po + (X + Y)) 
Tz = 0 + Po(X + Y) 


COMPLEMENT T = Po(X - Y) = Po(T, + T 
{ 3 = Po(X - Y) = Po(T 4 + Ta) Ty = Polk: ¥) 


a. Typical State Sequence b. Complement Jump 


Figure 27. 


a. X and Y Specify the Conditional Logic for Direct Jump Transition Terms T, 
and T2. The Complement Jump Term T3 is True Only When Both T, and T> are 
False. 


b. Note that the Complementary Logic Expression for T3, T; + T2, Corresponds 
Exactly to the Logic Structure of the Complement Array. 


Complement Array 

The Complement Array provides an 
asynchronous feedback path from the OR 
Array back to the AND Array. 


This structure enables the sequencer to 
perform both direct and complement 
sequential state jumps with a minimum of 
transition (AND) terms. 


Typically direct jumps, such as T; and T> in 
Figure 27 require only a single AND gate 
each. 


But a complement jump such as T3 generally 
requires many AND gates if implemented as 
a direct jump. However, by using the 
Complement Array, the logic requirements for 
this type of jump can be handled with just one 
more gate from the AND Array. Because it 
can be split into separate machines 

(2 clocks), the PLUS405 incorporates two 
Complement Arrays. 


November 1993 


As indicated in Figure 28, the single 
Complement Array gate may be used for 
many states of the state diagram. This 
happens because all transition terms linked to 
the OR gate include the present state as a 
part of their conditional logic. In any particular 
state, only those transition terms which are a 
function of that state are enabled; all other 
terms coupled to different states are disabled 
and do not influence the output of the 
Complement Array. As a general rule of 
thumb, the Complement Array can be used 
as many times as there are states. 
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c. State Logic without Using the Complement Array 


Introduction 


Td1 = lol; Po 
Td2 =!2 Po 
Te3 = (Tai + Ta2) Po = (lo Ty +12) Po 


Tag =!2 P3 
Td6 = !o 11 Po 
Tes = (Tag + Tag) P3 = (lo ty +12) P3 


Ton = COMPLEMENT STATE TRANSITION TERM 
Tdn = DIRECT STATE TRANSITION TERM 
Pg = PRESENT STATE 


b. Logic Definition 


COT 


4 ey 
ARRAY 
J 


Sneeene—s 
COPS Ce 
Oh 
Oh 


Td1 Td2 TTe3 Ta4 Tae Tc5 
6 TRANSITION TERMS USED 


d. State Logic Using the Complement Array 


Figure 28. Logic Reduction with the Complement Array. The Logic State Diagram in (a) Includes Complement Jumps Tc3 and 
Tcs Defined in (b). When Using the Complement Array, a Savings of 2 Transition Terms Results, as Shown in (c) and (d). 


Additional features are available depending 
on a specific part. In particular, the 
PLC42VA12 has everything mentioned here, 
and more. More details on PLAs, PAL 
devices and Sequencers can be found in the 
application section later in the manual. 


Programmable Macro Logic, Philips 
Semiconductors very high density logic is 
fully described in detail in its own section. 
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PAL Devices 


PHD16N8-5 

PLC 18V8z35/PLC18V82ZI 
PLC18V8Z25/PLC18V8ZIA 
PLUS16R8D/-7 Series 
PLUS20R8D/-7 Series 
PL22V10-10 
PL22V10-12/-15, PL22V10115 
ABT22V 10-7 
10H20EV8/10020EV8 
PHD48N22-7 
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Programmable high-speed decoder logic : 
(16 x 16 x 8) PHD16N8-5 


DESCRIPTION FEATURES PIN CONFIGURATIONS 
The PHD16N8-S is an ultra fast © |deal for high speed system decodin 

Programmable High-speed Decoder featuring . ner / ™ N Package 

a 5ns maximum propagation delay. The © Super high speed at 5ns tpp 

architecture has been optimized using Philips . ; 

Semiconductors state-of-the-art bipolar oxide iO deckoateed Ingots 

isolation process coupled with ® 8 outputs 

titanium-tungsten fuses to achieve superior — 6 bidirectional /O 


speed in any design. 


The PHD16N8-S is a single level logic 
element comprised of 10 fixed inputs, 8 AND 
gates, and 8 outputs of which 6 are 
bidirectional. This gives the device the ability ®@ |ndividual 3-State control of all outputs 
to have as many as 16 inputs. Individual 
3-State control of all outputs is also provided. 


— 2 dedicated outputs 


® Security fuse to prevent duplication of 
proprietary designs. 


® Field-programmable on industry standard 


programmers 

The device is field-programmable, enabling . ; ; a 
the user to quickly generate custom patterns ® Available in 20-pin Plastic Dual In-Line and N = Plastic Dual In-Line Package (300mil-wide) 
using standard programming equipment. 20-Pin PLCC 

Proprietary designs can be protected by A Package 
programming the security fuse. i211 © Voc 07 

The SLICE software package from Philips APPLICATIONS 19 


Semiconductors supports easy design entry © High speed memory decoders 
for the PHD16N8-5 as well as other PLD 
devices. 


Order codes are listed below. 


® High speed code detectors 
® Random logic 

® Peripheral selectors 

® Machine state decoders 

® Footprint compatible to 16L8 ig GND 19 OO BI 


© Fuse/Footprint compatible to TIBPAD fon ete Leaced Cem Sara 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE DRAWING NUMBER 
20-Pin Plastic Dual In Line Package; (300 mil-wide) PHD16N8-5N 0173D 
20-Pin Plastic Leaded Chip Carrier; (350 mil square) PHD16N8-5A 
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PHD16N8-5 
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Programmable high-speed decoder logic 
16x 16x8 
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LOGIC DIAGRAM 
. All unprogrammed or virgin “AND” gate locations are 
Je Programmable connections 


NOTES: 
1. All 


October 22, 1993 


Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable high-speed decoder logic 
(16 x 16 x 8) 


PHD16N8-5 


FUNCTIONAL DIAGRAM 


ABSOLUTE MAXIMUM RATINGS! 


RATINGS 
SYMBOL PARAMETER 


Cin 
23 
| 


Piosr _| Outptcurens————SSSS*dYSSSS*d;C 
Operating temperature range FO +75 
NOTES: 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 

OPERATING RANGES 


RATINGS 
SYMBOL | PARAMETER | Max | UNIT 
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THERMAL RATINGS 


TEMPERATURE 
150°C 


Allowable thermal rise ; 
ambient to junction 75°C 
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Programmable high-speed decoder logic : 
(16 x 16 x 8) PHD16N8-5 


DC ELECTRICAL CHARACTERISTICS 
0°C < Tamb  +75°C, 4.75 < Vog $ 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | oMIN- [| TYPt |) MAX UNIT 


Input voltage 


Vit Low Voc = MIN V 
Vin High Voc = MAX 2.0 V 
Vic Clamp Vcc = MIN, lin =-18mA 0.8 V 


Output voltage 


Voi Low 
Vou High 


Voc = MIN, Vin = Vin or Vi 
lot = +24mA 
lon =—3.2mA 


Voc = MAX 
lit Vin = +0.40V ~20 -250 yA 
: =a VIN =+2.7V 25 pA 
High Vin = Vec = Voc MAX 100 pA 


Output current 
Voc = MAX 
Output leakage? Vout = +2.7V 
Output leakage? Vout = +0.40V 
Short circuit* Vout = OV 


Ces Wess earns [ves wt 00 


Capacitance® 


Voc = +5V 
Vin = 2.0V @f = 1MHz 


Vout = 2.0V @ f = 1MHz 


1. Typical limits are at Vcc = 5.0V and Tamb = +25°C. 

2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. Leakage current for bidirectional pins is the worst case of |), and loz, or Ij and Iozy. 

4. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. 
5. These parameters are not 100% tested, but are periodically sampled. 
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Programmable high-speed decoder logic : 
(16 x 16 x 8) PHD16N8-5 


AC ELECTRICAL CHARACTERISTICS 
0°C < Tamb S$ +75°C, 4.75 < Voc < 5.25V, Ry = 200, Rp = 3902 


TEST LIMITS 
SYMBOL PARAMETER TO CONDITIONS | MIN: |) MAX UNIT 


Propagation delay | (8s a 
NOTES: 

1. tpp is tested with switch S; closed and C, = 50pF. 

2. For 3-State output; output enable times are tested with C, = 50pF to the 1.5V level, and S, is open for high-impedance to High tests and 


closed for high-impedance to Low tests. Output disable times are tested with C, . 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S; closed. 


VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links open, such that: 

1. All outputs are disabled. 


2. All p-terms are disabled in the AND array. 


TIMING DEFINITIONS 


SYMBOL PARAMETER 
fe Input to output propagation 
pe Disable). 

Input to Output Enable 
delay (Output Enable). 


delay. 
TIMING DIAGRAM 


E 

1 
> 
4 
Ww 
fo) 
z 
Ss 
< 
< 
a 
fe) 
x 
i. 


TEST CONDITIONS: Tampb = 75°C; 
Voc = 4.75V; CL = SOpF; 
Ry = 2002; Ro = 3902 


Input to Output Disable 
(3-State) delay (Output 


Worst-Case Propagation Delay vs. 
Number of Outputs Switching 


INPUTS, I/O 


armas (Xx V\/ XX \/ x) 
OY 


x MV AV AV AYA 


WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 


MUST BE WILL BE DON’T CARE; CHANGING; 
STEADY STEADY ANY CHANGE STATE 
PERMITTED UNKNOWN 


CENTER 
DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

“OFF” STATE 
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Programmable high-speed decoder logic 


(16 x 16 x 8) 


AC TEST LOAD CIRCUIT 


NOTE: 
C1 and Co are to bypass Vcc to GND. 


LOGIC PROGRAMMING 

The PHD16N8-5 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors’ 
SNAP design software package. ABEL™ 
CUPL™ and PALASM@ 90 design software 
packages also support the PHD16N8—5 
architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


“AND” ARRAY - (I, B) 


[—wacrve’ [0 


OUTPUTS 


PHD16N8-5 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
page. This program table entry format is 
supported by SNAP only. 


To implement the desired logic functions, 
each logic variable (1, B, P and D) from the 
logic equations is assigned a symbol. TRUE 
(High), COMPLEMENT (Low), DON'T CARE 
and INACTIVE symbols are defined below. 


Product specification 


PHD16N8-5 


VOLTAGE WAVEFORMS 


+3.0V — — — — 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 


PROGRAMMING/SOFTWARE 
SUPPORT 


Refer to Section 9 (Development Software) 
and Section 10 (Third-Party Programmer/ 
Software Support) of this data handbook for 
additional information. 


[—pontcane | - _| 


NOTE: 
1. This is the initial state. 


ABEL is a trademark of Data I/O Corp. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Corp. 
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Programmable high-speed decoder logic ; 
(16 x 16 x 8) PHD16N8-5 


PROGRAM TABLE 


INPUT (I) INPUTS (B) eee] [a OUTPUTS | OUTPUTS (BO) “— 
EERE EEE EEE 


ae 


. 
4 
SOE 
SE 


OR (FIXED) 
DIRECTION 
ACTIVE OUTPUT 


CF(XXXX) INACTIVE 
CUSTOMER SYMBOLIZEDPART# Cs |" 


DON'T CARE 


RRARRAARE 


VV 24 


=RNNSEAEEEAEEEEEEEE 
= ININAAAAANINANN = Te AWN | 


T 
E 
R 
M 
a 
Lu 
7 i 
gqg= 
x = 
z 
< 
> 


NOTES 

1. The PHD16N8- 5 is shipped with all links intact. 

2. Unused | and B bits in the AND array exist as eid in the virgin state. 

3. All p-terms are inactive until programmed otherwis 

4. Data cannot be entered into the OR array field ae to the fixed nature of the device architecture. 


pee 
< 
a. 
LL 
Oo 
oc 
Lu 
a 
= 
=) 
= 
q 
= 
O 
- 


CUSTOMER NAME 
PURCHASE ORDER # 
PHILIPS DEVICE # 
PROGRAM TABLE # 
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Programmable high-speed decoder logic ; 
(16 x 16 x8) PHD16N8-5 


DECODING 1/2 MEG STATIC MEMORY 


“NOUTPAL7: 
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Zero standby power 


CMOS versatile PAL devices 


DESCRIPTION 

The PLC 18V8Z35 and PLC 18V8ZI are 
universal PAL@®' devices featuring high 
performance and virtually zero-standby power 
for Opower sensitive applications. They are 
reliable, user-configurable substitutes for 
discrete TTL/CMOS logic. While compatible 
with TTL and HCT logic, the PLC18V8ZI can 
also replace HC logic over the Vcc range of 
4.5 to 5.5V. 


The PLC18V8Z is a two-level logic element 
comprised of 10 inputs, 74 AND gates 
(product terms) and 8 output Macro cells. 


Each output features an “Output Macro Cell” 
which can be individually configured as a 
dedicated input, a combinatorial output, or a 
registered output with internal feedback. As a 
result, the PLC18V8Z is capable of emulating 
all common 20-pin PAL devices to reduce 
documentation, inventory, and manufacturing 
costs. 


A power-up reset function and a Register 
Preload function have been incorporated in 
the PLC18V8Z architecture to facilitate state 
machine design and testing. 


With a standby current of less than 100uA 
and active power consumption of 
1.5mA/MHz, the PLC18V82Z is ideally suited 
for power sensitive applications in battery 
operated/backed portable instruments and 
computers. 


The PLC 18V8Z is also processed to 
industrial requirements for operation over an 
extended temperature range of -40°C to 
+85°C and supply voltage of 4.5V to 5.5V. 


Ordering information can be found below. 


ORDERING INFORMATION 


hs PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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20-Pin (350mil square) Plastic Leaded Chip Carrier Package (tpp = 40ns) 


20-Pin (300mil-wide) Plastic Small Outline Large Package (tpp = 40ns) 


FEATURES 

® 20-pin Universal Programmable Array 
Logic 

® Virtually Zero-Standby-power 
— 20pA (typical) 

® Available in 300mii-wide DIP with quartz 


window, plastic DIP (OTP), PLCC (OTP), 
and SOL (OTP) 


® Functional replacement for Series 20 
PAL devices 
- Io. = 24mA 


® High-performance CMOS EPROM cell 
technology 
- Erasable 


— Reconfigurable 
— 100% testable 


@ 35ns Max propagation delay (comm) 
® 40ns Max propagation delay (Industrial) 


® Up to 18 inputs and 8 input/output macro 
cells 


®@ Programmable output polarity 

©@ Power-up reset on all registers 

® Register Preload capability 

® Synchronous Preset/Asynchronous Reset 


® Security fuse to prevent duplication of 
proprietary designs 
®@ Design support provided using SLICE 


software development package and other 
CAD tools for PLDs 


APPLICATIONS 

® Battery powered instruments 
®@ Laptop and pocket computers 
® |ndustrial control 

® Medical Instruments 


® Portable communications equipment 


OPERATING CON- 
DESCRIPTION DITIONS 


20-Pin (300mil-wide) Plastic Dual In-Line Package (tpp = 35ns) 


20-Pin (300mil-wide) Ceramic Dual In-Line Package with quartz window (tpp = 40ns) 
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Commercial 


Temperature Range 
+ 5% Power 
Supplies 
Industrial 
Temperature Range 
+ 10% Power 


Supplies 


Product specification 


PLC18V8Z35/PLC18V8ZI 


PIN CONFIGURATIONS 
D, N, and FA Packages 


ee 
ae 


{ 
\ 


N = Plastic Dual In-Line Package (DIP) (300mil-wide) 
FA = Ceramic DIP with Quartz Window (300mil-wide) 
D = Plasitc Small Outline Large Package (300mil-wide) 


A Package 
lo/ 
ly CLKVcc F7 


lg GND lo/ Fo Fy 
DE 


A = Plastic Leaded Chip Carrier 
PIN LABEL DESCRIPTIONS 
Dedicated input 
Bidirectional input/output 
Dedicated output 
Registered output (D-type flip-flop) 


Macrocell Input/Output 


CLK | Clock input 


Output Enable 
Supply voltage 


GND | Ground 


ORDER CODE 
PLC18V8Z35N 
PLC18V8Z35FA 
PLC18V8Z35A 
PLC18V8Z35D 
PLC 18V8ZIN 
PLC18V8ZIFA 


PLC18V8ZIA 0400E 
PLC18V8ZID 0172D 
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Zero standby power 
CMOS versatile PAL devices 
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Pins 1 and 11 are configured as Inputs 0 and 9, respectively, via the configuration cell. The clock and 


DE functions are disabled. 
All output macro cells (OMC) are configured as bidirectional /O, with the outputs disabled via the 
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All AND gate locations are pulled to a logic "0" (Low). 


In the unprogrammed or virgin state: 
Output polarity is inverting. 


All cells are in a conductive state. 


NOTES: 


LOGIC DIAGRAM 
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PAL DEVICE TO PLC18V8Z OUTPUT PIN CONFIGURATION 
CROSS REFERENCE 


The Philips Semiconductors’ state-of-the-art 
Floating-Gate CMOS EPROM process yields 
bipolar equivalent performance at less than 
one-quarter the power consumption. The 
erasable nature of the EPROM process 
enables Philips Semiconductors to 
functionally test the devices prior to shipment 


OUTPUT MACRO CELL (OMC) 


— OUTPUT 
= POLARITY 
CONTROL 


NOTE: 
& Denotes a programmable cell location. 
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to the customer. Additionally, this allows 
Philips Semiconductors to extensively stress 
test, as well as ensure the threshold voltage 
of each individual EPROM cell. 100% 
programming yield is subsequently 
guaranteed. 


FROM AND 
ARRAY To ALL OMCs 
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THE OUTPUT MACRO CELL 
(OMC) 

The PLC18V8Z series devices have 8 
individually programmable Output Macro 
Cells. The 72 AND inputs (or product terms) 
from the programmable AND array are 
connected to the 8 OMCs in groups of 9. 
Eight of the AND terms are dedicated to logic 
functions; the ninth is for asynchronous 
direction control, which enables/disables the 
respective bidirectional I/O pin. Two product 
terms are dedicated for the Synchronous 
Preset and Asynchronous Reset functions. 


Each OMC can be independently 
programmed via 16 architecture control bits, 
AC1, and AC2, (one pair per macro cell). 
Similarly, each OMC has a programmable 
output polarity control bit (Xn). By configuring 
the pair of architecture control bits according 
to the configuration cell table, 4 different 
configurations may be implemented. Note that 
the configuration cell is automatically 
programmed based on the OMC 
configuration. 


DESIGN SECURITY 

The PLC18V8Z series devices have a pro- 
grammable security fuse that controls the ac- 
cess to the data programmed in the device. 
By using this programmable feature, propri- 
etary designs implemented in the device can- 
not be copied or retrieved. 
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for all registered OMCs is common—from Pin 
11 only. Output enable control of the 
bidirectional I/O OMCs is provided from the 
AND array via the direction product term. 


CONFIGURATION CELL 

A single configuration cell controls the 
functions of Pins 1 and 11. Refer to 
Functional Diagram. When the configuration 
cell is programmed, Pin 1 is a dedicated 
clock and Pin 11 is dedicated for output 
enable. When the configuration cell is 
unprogrammed, Pins 1 and 11 are both 
dedicated inputs. Note that the output enable 


If any one OMC is configured as registered, 
the configuration cell will be automatically 
configured (via the design software) to ensure 
that the clock and output enable functions are 


Fixed input mode Unprogrammed 


Fixed output mode Unprogrammed 


NOTE: 
1. This is the virgin state as shipped from the factory. 


Unprogrammed 


Unprogrammed 


ARCHITECTURE CONTROL—AC1 and AC2 


F(B), F (B) 


OMC CONFIGURATION | CODE | OMC CONFIGURATION 
REGISTERED (D-TYPE) fe 


BIDIRECTIONAL vo! 
COMBINATORIAL 


F(D), F (D) 


CONFIGURATION CELL 


PIN 1 = CLK 
PIN 11=0E 


[OMG CONFIGURATION | GODE_| 
[recone 

NOTES: 

A factory shipped unprogrammed device is configured such that: 

This is the initial unprogrammed state. All cells are in a conductive state. 

All AND gates are pulled to a logic “0” (Low). 

Output polarity is inverting. 

Pins 1 and 11 are configured as inputs 0 and 9. The clock and OE functions are disabled. 


OO & ON = 


CONTROL CELL CONFIGURATIONS 
Bidirectional I/O mode! Unprogrammed Unprogrammed Unprogrammed a Ale AE aby aND ones at 


enabled on Pins 1 and 11, respectively. If 
none of the OMCs are registered, the 
configuration cell will be programmed such 
that Pins 1 and 11 are dedicated inputs. The 


programming codes are as follows: 
Pin 1 = CLK, Pin 11 =0E 


Pin 1 and Pin 11 = Input 


Pins 1 and 11 are dedicated inputs 


Pins 1 and 11 are dedicated inputs. The 
feedback path (via Fyyx) is disabled. 


F(O), F (0) 


OMC CONFIGURATION | CODE | 


FIXED OUTPUT Foo | 


CONFIGURATION CELL CODE 


PIN 1 = INPUT 


PIN 11 = INPUT 


All Output Macro Cells (OMCs) are configured as bidirectional I/O, with the outputs disabled via the direction term. 
This configuration cannot be used if any OMCs are configured as registered (Code = D). The configuration cell will be automatically 


configured to ensure that the clock and output enable functions are enabled on Pins 1 and 11, respectively, if any one OMC is programmed 


as registered. 


October 22, 1993 48 


Philips Semiconductors Programmable Logic Device Products Product specification 


Zero standby power | 
CMOS versatile PAL devices PLC18V8Z35/PLC18V8Z! 


ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS 


4.5 to 5.5 (Industrial) V 
4.75 to 5.25 (Commercial) DC 


TEMPERATURE 


Allowable thermal rise 75°C 
ambient to junction 


—40 to +85 (Industrial) °C 
0 to +75 (Commercial) 


65 to +150 
NOTE: 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


2. Alldigital circuits can oscillate or trigger prematurely when inputrise and fall times are very long. 
When the input signal to a device is at or near the switching threshold, noise on the line will 
be amplified and can cause oscillation which, if the frequency is low enough, can cause 
subsequent stages to switch and give erroneous results. For this reason, Schmitt-triggers are 
recommended if rise/fall times are likely to exceed 250ns at Voc = 4.5V. 


AC TEST CONDITIONS VOLTAGE WAVEFORMS 


+3.0V—— —— 


OUTPUTS 


MEASUREMENTS: 

All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 
NOTE: 

C1 and C2 are to bypass Vcc to GND. 


Input Pulses 
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DC ELECTRICAL CHARACTERISTICS 
Commercial = 0°C < Tamp S$ +75°C, 4.75V < Voc < 5.25V; 
Industrial = —-40°C < Tamp $ +85°C, 4.5V < Voc < 5.5V 


SYMBOL PARAMETER TEST CONDITION 


Input voltage 


Voc = MIN, lor = 20pA 
Voc = MIN, lo, = 24mA 


Voc = MIN, lon =-3.2mA 
Vcc = MIN, lon = —20nA 


Vin = GND 


ed 
i 


Output current 


' Vout = Vcc 


Vcc supply current (Standby) Voc = MAX, Vin = 0 or Voc 
Vcc supply current (Active)* Vcc = MAX (CMOS inputs)® © 


—2 
© 20 40 60 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 


f(MHz) 


Figure 2. Atpp vs Output Capacitance 


Figure 1. loc vs Frequency® © 


(Worst Case) Loading (Typical) 
NOTES: 
1. All typical values are at Voc = 5V, Tarp = +25°C. 
2. All voltage values are with respect to network ground terminal. 
3. Duration of short-circuit should not exceed one second. Test one at a time. 
4. Tested with TTL input levels: Vi. = 0.45V, Viy = 2.4V. Measured with all outputs switching. 
5. Alcc/TTL input = 2mA. 
6. Alcc vs frequency (registered configuration) = 2mA/MHz. 
7. Wi for Pin 1 (Io/CLK) is + 102A with Vix = 0.4V. 
8. Vin includes CLK and OE if applicable. 


October 22, 1993 50 


Philips Semiconductors Programmable Logic Device Products Product specification 


Zero standby power 
CMOS versatile PAL devices PLC18V8Z35/PLC18V82ZI 


AC ELECTRICAL CHARACTERISTICS4 
Commercial = 0°C < Tam S$ +75°C, 4.75V < Voc < 5.25V; 


Industrial = —40°C < Tamp $ +85°C, 4.5V < Voc < 5.5V; Ro = 3902 


PLC18V8Z35 PLC18V8ZI 
1 
TEST | TESTCONDITION' | Testconpmmion' | Crrmercih (Industrial) 
SYMBOL PARAMETER R; (Q) CL UNIT 
' (pF) 


Clock period 
tcoxp (Minimum 
tis + tcKo) 
D8 A 
| tex, | Clock width Low | width Low | CLK= 2 | CLK+ | CLK+ =} —| = +— 


SSS ee reset --- 
pulse width 1+, F+ 
Input or feedback 
Input or feedback 


Propagation delay 


Delay from input 


Clock High to 
output valid 
access Time 


Product term 
enable to outputs 
ff 


Active-High R = 1.5k 
Active-Low R = 550 


Product term 
disable to outputs 


From Voy R= 
From VoL R = 200 


Pin 11 output 
disable High to 
outputs off 


From Vou R= 
From Vo, R = 200 


Pin 11 output 
enable to active 
output 


[Asyncresetdelay | IF | OF + +} —} 


Async reset recov- 
Sync preset recov- 


| tepa —_| Power-up reset | Veo+ + 


Frequency of operation 


eee te rere ciety 
[uwx —__[Maximumiequency | Wart) [00 —S«dS ST de 


NOTES: 

1. Refer also to AC Test Conditions. (Test Load Circuit) 

2. For 3-State output; output enable times are tested with C, = 50pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, _ 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy —0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S, closed. 

3. Resistor values of 1.5k and 550Q provide 3-State levels of 1.0V and 2.0V, respectively. Output timing measurements are to 1.5V level. 

4. Leave all the cells on unused product terms intact (unprogrammed) for all patterns. 


Active-High R = 1.5k 
Active-Low R = 550 
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POWER-UP RESET 


In order to facilitate state machine design and _Therefore, any OMC that has been registered OMC will also be set Low. The 
testing, a power-up reset function has been configured as a registered output will always programmed polarity of OMC will not affect 
incorporated in the PLC18V8Z. All internal produce an Active-High on the associated the Active-High output condition during a 
registers will reset to Active-Low (logical “O”) output pin because of the inverted output system power-up condition. 

after a specified period of time (tppr). buffer. The internal feedback (Q) of a 


TIMING DIAGRAMS 


a //, Ga Ce LYLLL//: 
Us UH 'CKH 


'CKL 


PIN 11 OE 


tCKO toD2 toE2 


a a oo 
Ce OMIM 


wissen EEL 


Switching Waveforms 


vec 


F 
(OUTPUTS) 


UH 


Us tCKH ICKL 
——— teKP — 


NOTE: 
Diagram presupposes that the outputs (F) are enabled. The reset occurs regardless of the output condition (enabled or disabled). 


Power-Up Reset 
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TIMING DIAGRAMS (Continued) 


ASYNCHRONOUS 
RESET INPUT 


tARD 


“ast 7 NZ NZ NZ ND 


tARR 


Asynchronous Reset 


SYNCHRONOUS 
PRESET INPUT 


REGISTERED 
OUTPUT 


Synchronous Preset 
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REGISTER PRELOAD FUNCTION the registers with predetermined states while out. The Q outputs of the registers will reflect 


(DIAGNOSTIC MODE ONLY) a super voltage is applied to Pins 11 and 6 data in as input via Fo _ 7 during preload. 

In order to facilitate the testing of state (Ig/OE and Is). (See diagram for timing and Subsequently, the register Q output via the 
machine/controller designs, a diagnostic sequence.) feedback path will reflect the data in as input 
mode register preload feature has been To read the data out, Pins 11 and6 mustbe —- “"2 Fo-7- 

incorporated into the PLC18V8Z series returned to normal TTL levels. The outputs, Refer to the voltage waveform for timing and 


device. This feature enables the user to load = Fy_ 7, must be enabled in order to readdata _—- voltage references. tp, = 10psec. 


REGISTER PRELOAD (DIAGNOSTIC MODE) 


Ig/OE 


(PIN 11) 


Fo-7 { —— PRELOAD DATA IN PRELOAD DATA OUT Ls DATA OUT Fo-7 


." "G;_xxzxzzzAZAEEX XX 
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LOGIC PROGRAMMING 

The PLC 18V8Z series is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors’ 
SNAP design software package. ABEL™ and 
CUPL™ 90 design software packages also 
support the PLC 18V8Z architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


OUTPUT POLARITY -— (O, B) 


ACTIVE LEVEL CODE 
INVERTING! 


“AND” ARRAY - (I, B) 


,B 
,B 
1,8 
>) 


STATE 


[pont care [= 


NOTE: 


PLC18V8Z logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format is 
supported by SNAP only. 


With Logic programming, the 
AND/OR/EX-OR gate input connections 
necessary to implement the desired logic 
function are coded directly from logic 
equations using the Program Table. Similarly, 


ACTIVE LEVEL CODE 
NON-INVERTING 


,B 
1,B 
~ 1B 
p 


[—wacrive™ [0 _| 


various OMC configurations are implemented 
by programming the Architecture Control bits 
AC1 and AC2. Note that the configuration cell 
is automatically programmed based on the 
OMC configuration. 


In this table, the logic state of variables |, P 
and B associated with each Sum Term S is 
assigned a symbol which results in the proper 
fusing pattern of corresponding link pairs, 
defined as follows: 


1. A factory shipped unprogrammed device is configured such that all cells are in a conductive state. 


ERASURE CHARACTERISTICS 
(For Quartz Window Packages 


Only) 

The erasure characteristics of the PLC18V8Z 
Series devices are such that erasure begins 
to occur upon exposure to light with 
wavelengths shorter than approximately 4000 
Angstroms (A). It should be noted that 
sunlight and certain types of fluorescent 
lighting could erase a typical PLC 18V8Z in 
approximately three years, while it would take 
approximately one week to cause erasure 
when exposed to direct sunlight. If the 
PLC18V8Z is to be exposed to these types of 
lighting conditions for extended periods of 
time, opaque labels should be placed over 
the window to prevent unintentional erasure. 


ABEL is a trademark of Data I/O Corp. 
CUPL is a trademark of Logical Devices, Inc. 
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The recommended erasure procedure for the 
PLC18V8Z is exposure to shortwave 
ultraviolet light which has a wavelength of 
2537 Angstroms (A). The integrated dose 
(i.e., UV intensity x exposure time) for 
erasure should be a minimum of 
15Wsec/cm?. The erasure time with this 
dosage is approximately 30 to 35 minutes 
using an ultraviolet lamp with a 
12,000,W/cm? power rating. The device 
should be placed within one inch of the lamp 
tubes during erasure. The maximum 
integrated dose a CMOS EPLD can be 
exposed to without damage is 
7258Wsec/cm?). Exposure of these CMOS 
EPLDs to high intensity UV light for longer 
periods may cause permanent damage. 
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The maximum number of guaranteed 
erase/write cycles is 50. Data retention 
exceeds 20 years. 


PROGRAMMING/SOFTWARE 


SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-Party Programmer/ 
Software Support) of this data handbook for 
additional information. 
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INTO THE OR ARRAY FIELD 
* THE CONFIGURATION CELL IS AUTOMATICALLY PROGRAMMED BASED ON THE OMC ARCHITECTURE. 


DUE TO THE FIXED NATURE 
OF THE DEVICE ARCHITEC- 
DIRECTION CONTROL| D | 
ACTIVE OUTPUT 
NOT USED 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


36 ROWS X 72 COLUMNS 
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DESCRIPTION 

The PLC18V8Z is a universal PAL® device 
featuring high performance and virtually 
zero-standby power for power sensitive 
applications. They are reliable, 
user-configurable substitutes for discrete 
TTL/CMOS logic. While compatible with TTL 
and HCT logic, the PLC18V8Z can also 
replace HC logic over the Vcc range of 4.5 to 
5.5V. 


The PLC18V82Z is a two-level logic element 
comprised of 10 inputs, 74 AND gates 
(product terms) and 8 output Macro cells. 


Each output features an “Output Macro Cell” 
which can be individually configured as a 
dedicated input, a combinatorial output, or a 
registered output with internal feedback. As a 
result, the PLC18V8Z is capable of emulating 
all common 20-pin PAL devices to reduce 
documentation, inventory, and manufacturing 
costs. 


A power-up reset function and a Register 
Preload function have been incorporated in 
the PLC18V8Z architecture to facilitate state 
machine design and testing. 


With a standby current of less than 100A 
and active power consumption of 
1.5mA/MHz, the PLC18V82Z is ideally suited 
for power sensitive applications in battery 
operated/backed portable instruments and 
computers. 


The PLC18V8Z is also processed to 
industrial requirements for operation over an 
extended temperature range of -40°C to 
+85°C and supply voltage of 4.5V to 5.5V. 


Ordering information can be found below. 


ORDERING INFORMATION 


FEATURES 


20-pin Universal Programmable Array 
Logic 

Virtually Zero-Standby-power 

— 20pA (typical) 

Available in 300mil-wide DIP with quartz 
window, plastic DIP (OTP), PLCC (OTP), 
and SOL (OTP) 


Functional replacement for Series 20 
PAL devices 


= lot = 24mA 

High-performance CMOS EPROM cell 
technology 

— Erasable 

— Reconfigurable 

— 100% testable 

25ns Max propagation delay (comm) 


Up to 18 inputs and 8 input/output macro 
cells 


Programmable output polarity 

Power-up reset on all registers 

Register Preload capability 

Synchronous Preset/Asynchronous Reset 
Security fuse to prevent duplication of 
proprietary designs 

Design support provided using SLICE 


software development package and other 
CAD tools for PLDs 


APPLICATIONS 


Battery powered instruments 

Laptop and pocket computers 
Industrial control 

Medical Instruments 

Portable communications equipment 


Product specification 


PIN CONFIGURATIONS 
D, N, and FA Packages 


N = Plastic Dual In-Line Package (DIP) (300mil-wide) 
FA = Ceramic DIP with Quartz Window (300mil-wide) 
D = Plasitc Small Outline Large Package (300mil-wide) 


A Package 
1o/ 


18 GND 19/ FO F1 


A = Plastic Leaded Chip Carrier 
PIN LABEL DESCRIPTIONS 


Dedicated input 
Bidirectional input/output 


Dedicated output 
(D-type flip-flop) 


muMDee 
Commercial 
Temperature Range 
£ 5% Power 
Supplies 
Indust 
Temperature Range 
£ 10% Power 
Supplies 


PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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All output macro cells (OMC) are configured as bidirectional //O, with the outputs disabled via the 


DE functions are disabled. 
direction term. 


a I a y a 
jo | | Ey | 
N 9 x 


<2) 


All AND gate locations are pulled to a logic “O" (Low). 


In the unprogrammed or virgin state: 
Output polarity is inverting. 


All calls are in a conductive state. 


NOTES: 


LOGIC DIAGRAM 
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PAL DEVICE TO PLC18V8Z OUTPUT PIN CONFIGURATION 


CROSS REFERENCE 


The Philips Semiconductors’ state-of-the-art 
Floating-Gate CMOS EPROM process yields 
bipolar equivalent performance at less than 
one-quarter the power consumption. The 
erasable nature of the EPROM process 
enables Philips Semiconductors to 
functionally test the 


OUTPUT MACRO CELL (OMC) 


= POLARITY 
CONTROL 


NOTE: 
*s* Denotes a programmable cell location. 
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16L2 
16H2 
16P2 


devices prior to shipment to the customer. 
Additionally, this allows Philips 
Semiconductors to extensively stress test, as 
well as ensure the threshold voltage of each 
individual EPROM cell. 100% programming 
yield is subsequently guaranteed. 


FROM AND 
ARRAY 4 TO ALL OMCs 
' 


FUNCTIONAL DIAGRAM 


PROGRAMMABLE AND ARRAY 
36 ROWS X 72 COLUMNS 


re} 
IDE 


THE OUTPUT MACRO CELL 


(OMC) 

The PLC18V8Z series devices have 8 
individually programmable Output Macro 
Cells. The 72 AND inputs (or product terms) 
from the programmable AND array are 
connected to the 8 OMCs in groups of 9. 
Eight of the AND terms are dedicated to logic 
functions; the ninth is for asynchronous 
direction control, which enables/disables the 
respective bidirectional I/O pin. Two product 
terms are dedicated for the Synchronous 
Preset and Asynchronous Reset functions. 


Each OMC can be independently 
programmed via 16 architecture control bits, 
AC1, and AC2, (one pair per macro cell). 
Similarly, each OMC has a programmable 
output polarity control bit (Xn). By configuring 
the pair of architecture control bits according 
to the configuration cell table, 4 different 
configurations may be implemented. Note 
that the configuration cell is automatically 
programmed based on the OMC 
configuration. 


DESIGN SECURITY 

The PLC18V8Z series devices have a 
programmable security fuse that controls the 
access to the data programmed in the 
device. By using this programmable feature, 
proprietary designs implemented in the 
device cannot be copied or retrieved. 


Philips Semiconductors Programmable Logic Device Products 


Product specification 


Zero standby power 


CMOS versatile PAL devices 


PLC18V8Z25/PLC18V8ZIA 


CONFIGURATION CELL 

A single configuration cell controls the 
functions of Pins 1 and 11. Refer to 
Functional Diagram. When the configuration 
cell is programmed, Pin 1 is a dedicated 
clock and Pin 11 is dedicated for output 
enable. When the configuration cell is 
unprogrammed, Pins 1 and 11 are both 
dedicated inputs. Note that the output enable 


NOTE: 


for all registered OMCs is common—from Pin 
11 only. Output enable control of the 
bidirectional I/O OMCs is provided from the 
AND array via the direction product term. 


If any one OMC is configured as registered, 
the configuration cell will be automatically 
configured (via the design software) to ensure 
that the clock and output enable functions are 


CONTROL CELL CONFIGURATIONS 
FUNCTION | ACT, = {ACN |S CONFIG. CELL COMMENTS 
Bidirectional I/O mode! Unprogrammed Unprogrammed Unprogrammed 


Fixed input mode Unprogrammed Unprogrammed Pins 1 and 11 are dedicated inputs. 


Fixed output mode Unprogrammed Unprogrammed 


1. This is the virgin state as shipped from the factory. 


ARCHITECTURE CONTROL—AC1 and AC2 


OMC CONFIGURATION | CODE | 
REGISTERED (D-TYPE) Le.) 


OMC CONFIGURATION 


CODE 
FIXED INPUT 


NOTES: 


F(B), F (B) 


OMC CONFIGURATION 


BIDIRECTIONAL vo! 
COMBINATORIAL 


F(D), F (D) 


CONFIGURATION CELL 


PIN 1 = CLK 
PIN 11 = ODE 


A factory shipped unprogrammed device is configured such that: 


Output polarity is inverting. 


Soe Sh = 
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This is the initial unprogrammed state. All cells are in a conductive state. 
All AND gates are pulled to a logic “O” (Low). 


Pins 1 and 11 are configured as inputs 0 and 9. The clock and OE functions are disabled. 
All Output Macro Cells (OMCs) are configured as bidirectional I/O, with the outputs disabled via the direction term. 
This configuration cannot be used if any OMCs are configured as registered (Code = D). 
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enabled on Pins 1 and 11, respectively. If 
none of the OMCs are registered, the 
configuration cell will be programmed such 
that Pins 1 and 11 are dedicated inputs. The 


programming codes are as follows: 


Pin 1 = CLK, Pin 11 = OE 
Pin 1 and Pin 11 = Input 


Dedicated clock from Pin 1. OE Control 
for all registerd OMCs from Pin 11 only. 


Pins 1 and 11 are dedicated inputs. 
3-State control from AND array only. 


Pins 1 and 11 are dedicated inputs. The 
feedback path (via Fyyx) is disabled. 


F(O), F (0) 


OMC CONFIGURATION CODE 


NC” F CLK Q 
SP 


AR 
N 


st, a eeaeaeceeemanees 


CONFIGURATION CELL CODE 


PIN 1 = INPUT 16 
PIN 11 = INPUT 


OE 
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ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS 


SYMBOL PARAMETER RATINGS TEMPERATURE 


Voc 15 
Voc Operating supply voltage 4.75 to 5.25 (Commercial) 
VIN 

amb 


Dc 
Voc 
Allowable thermal rise 75°C 
Input voltage -0.5 to Veco + 0.5 ambient to junction 
Output voltage —0.5 to Veco + 0.5 Voc 


oes . 2 ns/V 


50 


, —40 to +85 (Industrial) é 
Operating temperature range 0 to +75 (Commercial) 
Storage temperature range —65 to +150 


NOTE: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 


2. Alldigital circuits can oscillate or trigger prematurely when inputrise and fall times are very long. 
When the input signal to a device is at or near the switching threshold, noise on the line will 
be amplified and can cause oscillation which, if the frequency is low enough, can cause 
subsequent stages to switch and give erroneous results. For this reason, Schmitt-triggers are 
recommended if rise/fall times are likely to exceed 250ns at Vcc = 4.5V. 


AC TEST CONDITIONS VOLTAGE WAVEFORMS 


+3.0V—— —— 


OUTPUTS 
MEASUREMENTS: 

All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


NOTE: 


Cy and Co are to bypass Vcc to GND. Input Pulses 
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DC ELECTRICAL CHARACTERISTICS 
Commercial = O°SC < Tam S$ +75°C, 4.75V < Voc $ 5.25V; 


Industrial = —-40°C < Tamp < +85°C, 4.5V < Voc < 5.5V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION | oMIN- | oTypt | MAX UNIT 


Input voltage 


a OO 
OC eC 


Output voltage 
Voc = MIN, lo, = 20nA 0.100 V 
Vou a Voc = MIN, lo, = 24mA 0.500 V 
Voc = MIN, loy =-3.2mA 2.4 V 


a 


Output current 


, Vout = Vcc 


ane 
ies | Stowerea® | Noreen SCC 

— 

ial 


Voc supply current (Standby) Voc = MAX, Vin = 0 or Vec® 
Voc supply current (Active)* Voc = MAX (CMOS inputs)* © 


Capacitance 


Voc = 5V 


““@ 20 40 60 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 


12 18 24 30 
f(MHz) 


Figure 1. Ic¢c vs Frequency® © 
(Worst Case) 


Figure 2. Atpp vs Output Capacitance 
Loading (Typical) 


NOTES: 

. All typical values are at Vcc = 5V, Tamb = +25°C. 

. All voltage values are with respect to network ground terminal. 

. Duration of short-circuit should not exceed one second. Test one at a time. 

. Tested with TTL input levels: Vi. = 0.45V, Vi = 2.4V. Measured with all outputs switching. 
Alcc/TTL input = 2mA. 

. Alcc vs frequency (registered configuration) = 2mA/MHz. 

. It for Pin 1 (Ip/CLK) is + 102A with Vix = 0.4V. 

. Vin includes CLK and OE if applicable. 


ONANhWNH = 
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AC ELECTRICAL CHARACTERISTICS4 
Commercial = 0°C < Tamp S$ +75°C, 4.75V < Voc < 5.25V; 
Industrial = -40°C < Tamp S$ +85°C, 4.5V < Voc < 5.5V; Ro = 3902 


PLC18V8Z25 PLC18V8ZIA 
TEST | TESTCONDITION' | Tesrconpmont | RucreNez3s (Industrial) 
p 


Clock period pa} | 
Ftoxn | Clockwisth High | -GLK+ | OLK- ee ee ee 


eT a a a ce a ce os a 
Txow [Aomeresetpusewah [iar fises] | tsi) [| [-_ 


Input or feedback 
Input or feedback 


Propagation delay 


Delay from input 
Clock High to output valid 
access Time 
Product term enable to Active-High R = 1.5k 

3 
Product term disable to I+. Ft From Voy R= 
outputs off From Vo, R = 200 

> Pin 11 output disable High From Vou R= 

topz to outputs off From Vo, R= 200 

Pin 11 output enable to Active-High R = 1.5k 
active output os oneal R= 550 


NOTES: 

1. Refer also to AC Test Conditions. (Test Load Circuit) 

2. For 3-State output; output enable times are tested with C_ = 50pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C_ = 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S, closed. 

3. Resistor values of 1.5k and 550Q provide 3-State levels of 1.0V and 2.0V, respectively. Output timing measurements are to 1.5V level. 

4. Leave all the cells on unused product terms intact (unprogrammed) for all patterns. 
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POWER-UP RESET 

In order to facilitate state machine design and _— Therefore, any OMC that has been registered OMC will also be set Low. The 
testing, a power-up reset function has been configured as a registered output will always programmed polarity of OMC will not affect 
incorporated in the PLC 18V8Z. All internal produce an Active-High on the associated the Active-High output condition during a 
registers will reset to Active-Low (logical “O”) output pin because of the inverted output system power-up condition. 

after a specified period of time (tppr). buffer. The internal feedback (Q) of a 

TIMING DIAGRAMS 


a 9//, Qa Cn ee L////// 
'CKH 


tis tiH tCKL 


PIN 11 OE 


CKO toD2 (OE2 


seme [OX 
sw. wW// HAE, a 


tpp top1 tOE1 


LLL, TT 


Switching Waveforms 


Voc 


F 
(OUTPUTS) 


Us 'CKL 
'CKP 


NOTE: 
Diagram presupposes that the outputs (F) are enabled. The reset occurs regardless of the output condition (enabled or disabled). 


Power-Up Reset 
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TIMING DIAGRAMS (Continued) 


ASYNCHRONOUS 
RESET INPUT 


'ARD 


mogre ZNTZNZSNZND 


TARR 


Asynchronous Reset 


SYNCHRONOUS 
PRESET INPUT 


REGISTERED 
OUTPUT 


Synchronous Preset 
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REGISTER PRELOAD FUNCTION the registers with predetermined states while data out. The Q outputs of the registers will 
(DIAGNOSTIC MODE ONLY) a super voltage is applied to Pins 11 and 6 reflect data in as input via FO — F7 during 

(19/OE and 15). (See diagram for timing and preload. Subsequently, the register Q output 
sequence.) via the feedback path will reflect the data in 
as input via FO — F7. 


In order to facilitate the testing of state 
machine/controller designs, a diagnostic 


mode register preload feature has been To read the data out, Pins 11 and 6 must be 
incorporated into the PLC 18V8Z series returned to normal TTL levels. The outputs, Refer to the voltage waveform for timing and 
device. This feature enables the user to load = FO —F7, must be enabled in order to read voltage references. tp, = 10psec. 


REGISTER PRELOAD (DIAGNOSTIC MODE) 


ISOE 
(PIN 11) 


FO-7 f PRELOAD DATA IN p PRELOAD DATA OUT |) DATA OUT FO-7 


408 LLLLLELELLLLELELEELELEELEEK 
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LOGIC PROGRAMMING 

The PLC18V8Z series is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors’ 
SNAP design software package. ABEL™ and 
CUPL™ design software packages also 
support the PLC 18V8Z architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


OUTPUT POLARITY -— (0, B) 


ACTIVE LEVEL CODE 
INVERTING! 


[powrcane | - | 


NOTE: 


PLC18V8Z logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format is 
supported by SNAP only. 


With Logic programming, the 
AND/OR/EX-OR gate input connections 
necessary to implement the desired logic 
function are coded directly from logic 
equations using the Program Table. Similarly, 


ACTIVE LEVEL CODE 
NON-INVERTING 


[—wacriveT [0 


various OMC configurations are implemented 
by programming the Architecture Control bits 
AC1 and AC2. Note that the configuration cell 
is automatically programmed based on the 
OMC configuration. 


In this table, the logic state of variables |, P 
and B associated with each Sum Term S is 
assigned a symbol which results in the proper 
fusing pattern of corresponding link pairs, 
defined as follows: 


1. A factory shipped unprogrammed device is configured such that all cells are in a conductive state. 


ERASURE CHARACTERISTICS 
(For Quartz Window Packages 


Only) 

The erasure characteristics of the PLC18V8Z 
Series devices are such that erasure begins 
to occur upon exposure to light with 
wavelengths shorter than approximately 
4000 Angstroms (A). It should be noted that 
sunlight and certain types of fluorescent 
lighting could erase a typical PLC18V8Z in 
approximately three years, while it would take 
approximately one week to cause erasure 
when exposed to direct sunlight. If the 
PLC18V8Z is to be exposed to these types of 
lighting conditions for extended periods of 
time, opaque labels should be placed over 
the window to prevent unintentional erasure. 


ABEL is atrademark of Data I/O Com. 
CUPL is a trademark of Logical Devices, Inc. 
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The recommended erasure procedure for the 
PLC18V8Z is exposure to shortwave 
ultraviolet light which has a wavelength of 
2537 Angstroms (A). The integrated dose 
(i.e., UV intensity x exposure time) for 
erasure should be a minimum of 
15Wsec/cm?. The erasure time with this 
dosage is approximately 30 to 35 minutes 
using an ultraviolet lamp with a 

1 2,000L.W/cm2 power rating. The device 
should be placed within one inch of the lamp 
tubes during erasure. The maximum 
integrated dose a CMOS EPLD can be 
exposed to without damage is 
7258Wsec/cm?). Exposure of these CMOS 
EPLDs to high intensity UV light for longer 
periods may cause permanent damage. 
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The maximum number of guaranteed 
erase/write cycles is 50. Data retention 
exceeds 20 years. 


PROGRAMMING/SOFTWARE 
SUPPORT 


Refer to Section 9 (Development Software) 
and Section 10 (Third-Party Programmer/ 
Software Support) of this data handbook for 
additional information. 
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PROGRAM TABLE 
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Ben 


OR ARRAY (FIXED 


DIRECTION CONTROL 
ACTIVE OUTPUT 


INTO THE OR ARRAY FIELD 
NOT USED 


DUE TO THE FIXED NATURE 
OF THE DEVICE ARCHITEC- 


CONFIGURATION CELL (CLK/OE CONTROL) [1] 


— 

° 

STITT TTT TTT TTT 

a 
SOF 

SE EEELEEREET ERLE + 4 EGRREE HECERHEEHRSEEAAHEESEER EE HESEEEL ye 


SH EEE EE i — 


Beds, 


ee) 5 (6 — oR ATEWL WVHDOUd 
SLYVd AO YSEWNN IWLOL 


D-TYP 


BIDIRECTIONAL I/O | B 


| FIXEDINPUT | 


REGISTERED 
FIXED OUTPUT 
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OMC ARCH OUTPUT POLARITY DATA CANNOT BE ENTERED 
NON-INVERTING -H | 
INVERTING 
CONAG. CELL" 
PIN 1=CLK; PIN 11=OE| L | 
PIN1, PIN11=INPUT | H | 
* THE CONFIGURATION CELL IS AUTOMATICALLY PROGRAMMED BASED ON THE OMC ARCHITECTURE. 


1S NOT ALLOWED. 


AND ARRAY 


“DONT CARE| — | 


[LF (8) | L | 


** FOR SP, AR: “ 


“W8} [O4JUCD UONOSJID OU} BIA PA|Qesip S}jndjno au} YIM 
O/| [euoyeuiquiod se paunByuod ase (QWO) s||s0 O10eW jNdjNO Jive 


‘pa|qesip ase SUO!}OUN} FO PUB YOO/O SY 1/99 UOHeINByUoS ayy # LHVd GAZIMOSWAS HSWOLSNOD 
BIA ‘AJOAIOOdSal ‘6 PUB C Sjndu! Se paiNBHyUOd ae 44, PUe |} SUlde 
‘Bulusaul si Ayuejod yndinoe (XXXX)4O # 4OIAAQ Sdl Hd 


‘(MO7) .0, 2160] B 0} payjnd ase suoleco; ayeB QNY |iVe 
:9}8}S UIBIA JO pawweBoidun eu u| 


*SSLON 


# YAdYHO ASVHOUNd 
AWVN YSAWOLSNOD 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


PROGRAMMABLE AND ARRAY 
36 ROWS X 72 COLUMNS 


FROM AND 
ARRAY 
A TO ALL OMCs 


“=XORREG: 


“. OUTPUT 
= POLARITY 


e 
OE13V8: 
/\ } 
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PLUS16R8D/-7 SERIES 


FEATURES 
® Ultra high-speed 


— tpp = 7.5ns and fyax = 74MHz for the 
PLUS16R8-7 Series 


— tpp = 10ns and fyax = 60 MHz for the 
PLUS16R8D Series 


® 100% functionally and pin-for-pin 
compatible with industry standard 20-pin 
PAL® ICs 


® Power-up reset function to enhance state 
machine design and testability 


® Design support provided via SNAP and 
other CAD tools for Series 20 PAL devices 


® Field-programmable on industry standard 
programmers 


® Security fuse 


® |ndividual 3-State control of all outputs 


DEVICE NUMBER 


PLUS16L8 


PLUS16R8 
PLUS16R6 
PLUS16R4 


ORDERING INFORMATION 


20-Pin Plastic Dual-In-Line 
300mil-wide 


20-Pin Plastic Leaded Chip Carrier (PLCC) 


NOTE: 


DEDICATED 


DESCRIPTION 

The Philips Semiconductors PLUS16XX 
family consists of ultra high-speed 7.5ns and 
10ns versions of Series 20 PAL devices. 


The PLUS16XxX family is 100% functional 
and pin-compatible with the 16L8, 16R8, 
16R6, and 16R4 Series devices. 


The sum of products (AND-OR) architecture 
is comprised of 64 programmable AND gates 
and 8 fixed OR gates. Multiple bidirectional 
pins provide variable input/output pin ratios. 
Individual 3-State control of all outputs and 
registers with feedback (R8, R6, R4) is also 
provided. Proprietary designs can be 
protected by programming the security fuse. 


The PLUS16R8, R6, and R4 have D-type 
flip-flops which are loaded on the Low-to-High 
transition of the clock input. 


In order to facilitate state machine design and 
testing, a power-up reset function has been 
incorporated into these devices to reset all 


INPUTS 
8 (6 I/O) 

0 

21/0 


DESCRIPTION ORDER CODE DRAWING NUMBER 


PLUS16R8DN 
PLUS16R6DN 
PLUS16R4DN 
PLUS16L8DN 
PLUS16R8—7N 
PLUS16R6—7N 
PLUS16R4—7N 
PLUS16L8—7N 


PLUS16R8DA 
PLUS1I6R6DA 
PLUS16R4DA 
PLUS16L8DA 
PLUS16R8—7A 
PLUS16R6—7A 
PLUS16R4—7A 
PLUS16L8—7A 


The PLUS16XX series of devices are also processed to military requirements for operation over 
the military temperature range. For specifications and ordering information, consult the Philips 


Semiconductors Military Data Book. 


®PAL is a registered trademark of Advanced Micro Devices, Inc. 
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COMBINATORIAL 
OUTPUTS 


internal registers to Active-Low after a 
specific period of time. 


The Philips Semiconductors State-of-the-Art 
oxide isolation Bipolar fabrication process is 
employed to achieve high-performance 
operation. 


The PLUS16XxX family of devices are field 
programmable, enabling the user to quickly 
generate custom patterns using standard 
programming equipment. See the 
programmer chart for qualified programmers. 


The SNAP software package from Philips 
Semiconductors supports easy design entry 
for the PLUS16XxX series as well as other 
PLD devices from Philips Semiconductors. 
The PLUS16XxX series are also supported by 
other standard CAD tools for PAL-type 
devices. 


Order codes are listed in the Ordering 
Information table. 


REGISTERED 
OUTPUTS 


0408B 
0400E 


853-1358 10777 
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16L8, 16R8, 16R6, 16R4 


PIN CONFIGURATIONS 
PLUS16L8 


PLUS16L8 
Ii lo Voc 07 


i 
conn 


[2 I |] 20] }19 
a 


Ig GND Ig Op By 


SYMBOL DESCRIPTION 
Dedicated Input 
Dedicated combinatorial Output 
Registered output 
Bidirectional (input/output) 
Clock input 
Output Enable 
Supply Voltage 
Ground 
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PLUS16R8 


‘i 


SYMBOL 
| 

.@) 

Q 

B 


CLK 


OE 


Voc 


elGelGslGs)Gs/GyGy 


@e 


PLUS16R8 
z CLK Vcc Q7 
Bill 
tit 
OU 


AND 
ae T 


l7_ GND OE Q Q, 


20} | 19 
PUTS 
a 


DESCRIPTION 

Dedicated Input 

Dedicated combinatorial Output 
Registered output 

Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Voltage 

Ground 
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16L8. 16R8, 16R6, 16R4 PLUS16R8D/-7 SERIES 


PIN CONFIGURATIONS 


PLUS16R6 PLUS16R4 


+ 


& 
i 
. 
i 
| 
i 
* 
te 
i 
+e 
i 
tt 
{ 
> 


Ile: 


Hea 


PLUS16R6 PLUS16R4 


Io CLK Vcc B7 ly Io CLK Vcc B7 


3~| 

OR | OUTPUTS 

ARRAY Fa 
11] [12] 


Ig 8 14) Q2 
i aes ee Sa ae 
Pe [0] ha] 


l7 GND OE Bo By 


lo Oe 
I3 On 


17 GND OE Bo 


SYMBOL DESCRIPTION 
Dedicated Input 
Dedicated combinatorial Output 
Registered output 
Bidirectional (input/output) 
Clock input 
Output Enable 
Supply Voltage 
Ground 


SYMBOL DESCRIPTION 
Dedicated Input 
Dedicated combinatorial Output 
Registered output 
Bidirectional (input/output) 
Clock input 
Output Enable 
Supply Voltage 
Ground 
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LOGIC DIAGRAM 
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unprogrammed or virgin "AND" gate locations are pulled to logic "0". 


S555 Programmable connections. 
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LOGIC DIAGRAM PLUS16R8 
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PRODUCT TERMS (0-63) 
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INPUTS (0-31) 


NOTES: 
1. All Ny sels or virgin “AND" gate locations are pulled to logic “O". 
2. : Programmable connections. 
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unprogrammed or virgin “AND" gate locations are pulled to logic “0”. 


=: Programmable connections. 
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16L8, 16R8, 16R6, 16R4 


PLUS16R4 


LOGIC DIAGRAM 
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INPUTS (0-31) 


unprogrammed or virgin "AND" gate locations are pulled to logic “0”. 


=: Programmable connections. 
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16L8, 16R8, 16R6, 16R4 


PLUS16R8D/-7 SERIES 


FUNCTIONAL DESCRIPTIONS 

The PLUS16XxX series utilizes the familiar 
sum-of-products implementation consisting of 
a programmable AND array anda fixed OR 
array. These devices are capable of replacing 
an equivalent of four or more SSI/MSI 
integrated circuits to reduce package count 
and board area occupancy, consequently 
improving reliability and design cycle over 
Standard Cell or gate array options. By 
programming the security fuse, proprietary 
designs can be protected from duplication. 


The PLUS16XxX series consists of four 
PAL-type devices. Depending on the 
particular device type, there are a variable 
number of combinatorial and registered 
outputs available to the designer. The 
PLUS16L8 is a combinatorial part with 8 user 
configurable outputs (6 bidirectional), while 
the other three devices, PLUS16R8, 
PLUS16R6, PLUS16R4, have respectively 8, 
6, and 4 output registers. 


3-State Outputs 

The PLUS16XxX series devices also feature 
3-State output buffers on each output pin 
which can be programmed for individual 
control of all outputs. The registered outputs 
(Qn) are controlled by an external input 
(/OE), and the combinatorial outputs (On, Bn) 


AND ARRAY - (1, B) 


P,D 


STATE CODE 
INACTIVE) 2 | O | 


VIRGIN STATE 


A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All outputs are at “H” polarity. 


2. All P,, terms are disabled. 


3. All P, terms are active on all outputs. 


ABEL is a trademark of Data I/O Corp. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Corp. 
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STATE CODE 
ee 


use a product term to control the enable 
function. 


Programmable Bidirectional Pins 
The PLUS16XX products feature variable 
Input/Output ratios. In addition to 8 dedicated 
inputs, each combinatorial output pin of the 
registered devices can be individually 
programmed as an input or output. The 
PLUS16L8 provides 10 dedicated inputs and 
6 Bidirectional I/O lines that can be 
individually configured as inputs or outputs. 


Output Registers 

The PLUS16R8 has 8 output registers, the 
16R6 has 6, and the 16R4 has 4. Each 
output register is a D-type flip-flop which is 
loaded on the Low-to-High transition of the 
clock input. These output registers are 
capable of feeding the outputs of the 
registers back into the array to facilitate 
design of synchronous state machines. 


Power-up Reset 

By resetting all flip-flops to a logic Low, as the 
power is turned on, the PLUS16R8, R6, R4 
enhance state machine design and 
initialization capability. 


Software Support 
Like other Programmable Logic Devices from 
Philips Semiconductors, the PLUS16XX 
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series are supported by SLICE, the 
PC-based software development tool from 
Philips Semiconductors. The PLUS16XX 
family of devices are also supported by 
standard CAD tools for PAL devices, 
including ABEL and CUPL. 


SLICE is available free of charge to qualified 
users. 


Logic Programming 

The PLUS16XxX series is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors 
SNAP design software package. ABEL™ 
CUPL™ and PALASM® 90 design software 
packages also support the PLUS16XX 
architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


Programming/Software Support 
Ref to Section 9 (Development Software) and 
Section 10. (Third-Party Programmer/ 
Software Support) of the PLD data handbook 
for additional information. 
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Product specification 


PAL devices 
16L8, 16R8, 16R6, 16R4 


ABSOLUTE MAXIMUM RATINGS! 


NOTE: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


OPERATING RANGES 


RATINGS 
SYMBOL PARAMETER | MINS 


Supply voltage +4.75 
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THERMAL RATINGS 


TEMPERATURE 


Allowable thermal rise 
75°C 


ambient to junction 


Philips Semiconductors Programmable Logic Devices Product specification 


PAL devices 
16L8, 16R8, 16R6, 16R4 


PLUS16R8D/-7 SERIES 


DC ELECTRICAL CHARACTERISTICS 
O°C < Tam $ +75°C, 4.75 $ Veg < 5.25V 


SYMBOL PARAMETER TEST CONDITIONS 


Input voltage 


Vit Low Vcc = MIN 
Vin High Vcc = MAX 
Vic Clamp Vcc = MIN, lin =-18mA 


Output voltage 


Vec = MIN, Vin = Vin or Vip 
VoL Low lot = 24mA 
Vou High lon =—3.2mA 


Voc = MAX 
Low? Vin = 0.40V 
High? Vy = 27 


Maximum input current Vin = Voc = Vocmax 


Output current 


Output leakage 
Output leakage 


Short circuit 4: > 


a 


Capacitance® 
Cin Input 
8 pF 
(om 1/0 (B) 8 pF 
NOTES: 
All typical values are at Voc = 5V, Tamb = +25°C. 
All voltage values are with respect to network ground terminal. 
Leakage current for bidirectional pins is the worst case of |), and Ioz, or Ij and Iozp. 
Test one ata time. 


Duration of short circuit should not exceed 1 second. 
These parameters are not 100% tested but periodically sampled. 


Voc = 5V 
Vour=2.0V 
Vout = 2V, f= 1MHz 


op ON = 
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PLUS16R8D/-7 SERIES 


AC ELECTRICAL CHARACTERISTICS 
R,; = 200Q, Ro = 390Q, 0°C < Tamp $ +75°C, 4.75 < Voc < 5.25V 


SYMBOL PARAMETER To a a a UNIT 
pmint | typ | max | MIN' | MAX 


CPuewah SOSCSCSCSC“CSCSC“‘“SSSSSSCSCSSCSS 
Pees | Contos sd mT me Te | | hvdP 7 Td 
Pie | Cokin sdf oe ms | dP 
Pew [res sf me df me dP] Cd] SCP wh] UT 


Setup & Hold time 
Input or 
Propagation delay 


= Ts] [*=[*]s=[=_ 
a OO 


PB 
| Outputenablet | OE 
| Outputenadle*® Tt 
T oupueeatie® | OF | Opera 
Toupussane'® | 1 | Oupuraane 
a 

Power-Up Reset 


Frequency (16R8, R6, R4) 


tcKo 
tcKF 
tpp 
loe1 
tog2 
top1 
lopa2 
tskw 


No feedback 1/ (tex, + texy)® 


pf oo ft te | 
fMax Internal feedback 1/ (tig + toxr)® Ff 90 ff] asf MHz 
a Le! a 


External feedback 1/ (tis + texo)® 


* 


For definitions of the terms, please refer to the Timing/Frequency Definitions tables. 

NOTES: 

1. CL =OpF while measuring minimum output delays. 

2. tpp test conditions: CL = 50pF (with jig and scope capacitance), Vj = 3V, Vi = OV, Vou = Vor = 1.5V. 

3. tcxe was calculated from measured Internal fyax. 

4. For 3-State output; output enable times are tested with C, = 50pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, _ 5pF. High-to-High impedance tests are made to an output 
voltage of Vt = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S, closed. 

5. Same function as tog; and top1, with the difference of using product term control. 

6. Not 100% tested, but calculated at initial characterization and at any time a modification in design takes place which may affect the 

frequency. 
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TEST LOAD CIRCUIT 


| 
| 
| 
| 
| 


INPUTS 


NOTE: 
C and Co are to bypass Vcc to GND. 


OUTPUT REGISTER SKEW 


Qn 
(REGISTERED OUTPUT) 


Qn +1 
(REGISTERED OUTPUT) 


CLOCK TO FEEDBACK PATH 
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PLUS16R8D/-7 SERIES 


TIMING DIAGRAMS! 2 TIMING DEFINITIONS 


SYMBOL | PARAMETER 
1,B 


4H 4s 


Width of input clock pulse 


| 
Interval between clock pulses. 
Clock period. 


Required delay between 
beginning of valid input and 
positive transition of clock. 


CLK 1.5V 1.5V 


tis 


tCKL 


s 
tCK 


ts tcK 
N , acai 
Q 
(REGISTERED OUTPUTS) WN WW 1.5V VT WN 
CKO 


OE 1.5V 


en 


Flip-Flop Outputs 


Required delay between 
positive transition of clock and 
end of valid input data. 


tH 


Delay between positive 
transition of clock and when 
internal Q output of flip-flop 
becomes valid. 


Delay between positive 
transition of clock and when 
outputs become valid (with 

OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


,B 
(INPUTS) 


Delay between beginning of 
Output Enable High and when 
outputs are in the Off-State. 


0,B 
(COMBINATORIAL 
OUTPUTS) 


Delay between predefined 
Output Enable High, and 

when combinational outputs 
become valid. 


,B 
(OUTPUT 
ENABLE) 


Delay between predefined 
Output Enable Low and when 
combinational outputs are in 

the Off-State. 


Gate Outputs 


Delay between Vcc (after 
power-on) and when flip-flop 
outputs become preset at “1” 
(internal Q outputs at “O"). 


Propagation delay between 
combinational inputs and 
outputs. 


Q 
(REGISTERED 


OUTPUTS) , FREQUENCY DEFINITIONS 


No feedback: Determined by 
the minimum clock period, 
W/(teKL + teKH)- 

Internal feedback: 
Determined by the internal 
delay from flip-flop outputs 


,B 
(INPUTS) 


through the internal feedback 
and array to the flip-flop 
inputs, 1/(tig + toxe). 

External feedback: 
Determined by clock-to-output 
delay and input setup time, 
I/(tig + teKo). 


tCKL 
us.stcK 


Power-—Up Reset 


NOTES: 
1. Input pulse amplitude is OV to 3V. 
2. Input rise and fall times are 2.5ns. 
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PLUS16R8D/-7 SERIES 


OUTPUT REGISTER PRELOAD 


The output registers can be preloaded to any desired state during device testing. This permits any state to be tested without having to step 
through the entire state-machine sequence. Each register is preloaded individually by following the steps given below. 


Step 1. With Vcc at 5V and Pin 1 at Vj, raise Pin 11 to Vin. 

Step 2. Apply either Vi, or Vj to the output corresponding to the register to be preloaded. 

Step 3. Pulse Pin 1, clocking in preload data. 

Step 4. Remove output voltage, then lower Pin 11 to Vi_. Preload can be verified by observing the voltage level at the output pin. 


VIL 


NOTE: tg = tgy = tw = 100ns to 1000ns. 
VIHH = 10.25V to 10.75V. 
Pin number references for DIP package. 
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PROGRAMMING/SOFTWARE 
Refer to Section 9 (Development Software) and Section 10 (Third-Party Programmer/Software Support) of this data handbook for additional 
information. 


SNAP RESOURCE SUMMARY DESIGNATIONS 


PROGRAMMABLE AND ARRAY 


Bast eis 


=DAINPAL?: 


“NUNPAL?: 


PLUS16L8 


| | cL”K | | OE 


\/ °CKPALE: \/ “NOEPAL?: 


“DINPALT7. “NINPAL?: 


SDINPALT: 


PLUS16R8 
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SNAP RESOURCE SUMMARY DESIGNATIONS (Continued) 
| | 10-17 


8 


PROGRAMMABLE AND ARRAY 


AND 


-DINPAL? : 


PLUS16R6 


| | 0-17 | | CLK 


8 


\h 
‘DINPAL?® = 


PROGRAMMABLE AND ARRAY 


O 


BO, B1, B6, B7 


PLUS16R4 
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PAL devices 
20L8, 20R8, 20R6, 20R4 PLUS20R8D/-7 SERIES 


FEATURES 
® Ultra high-speed 


- tpp = 7.5ns and fyax = 74MHz for the 
PLUS20R8-7 Series 


— tpp = 10ns and fyax = 60 MHz for the 
PLUS20R8D Series 


® 100% functionally and pin-for-pin 
compatible with industry standard 24-pin 
PAL® ICs 


© Power-up reset function to enhance state 
machine design and testability 


® Design support provided via SLICE and 
other CAD tools for Series 24 PAL devices 


© Field-programmable on industry standard 
programmers 


® Security fuse 


®@ Individual 3-State control of all outputs 


PLUS20L8 


PLUS20R6 
PLUS20R4 


ORDERING INFORMATION 


®PAL is a registered trademark of Advanced Micro Devices, Inc. 
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24-Pin (300mils-wide) Plastic Dual-In-Line Package (DIP) 


28-Pin (300mils-wide) Plastic Leaded Chip Carrier (PLCC) 


DESCRIPTION 

The Philips Semiconductors PLUS20XX 
family consists of ultra high-speed 7.5ns and 
10ns versions of Series 24 PAL devices. 


The PLUS20XxX family is 100% functional 
and pin-compatible with the 20L8, 20R8, 
20R6, and 20R4 Series devices. 


The sum of products (AND-OR) architecture 
is comprised of 64 AND gates and 8 fixed OR 
gates. Multiple bidirectional pins provide 
variable input/output pin ratios. Individual 
3-State control of all outputs and registers 
with feedback (R8, R6, R4) is also provided. 
Proprietary designs can be protected by 
programming the security fuse. 


The PLUS20R8, R6, and R4 have D-type 
flip-flops which are loaded on the Low-to-High 
transition of the clock input. 


In order to facilitate state machine design and 
testing, a power-up reset function has been 
incorporated into these devices to reset all 


DEDICATED COMBINATORIAL REGISTERED 
DEVICE NUMBER INPUTS OUTPUTS OUTPUTS 


DRAWING 
DESCRIPTION ORDER CODE NUMBER 


PLUS20R8DN 
PLUS20R6DN 
PLUS20R4DN 
PLUS20L8DN 
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PLUS20R8—7N 
PLUS20R6—7N 
PLUS20R4—7N 
PLUS20L8-—7N 


PLUS20R8DA 
PLUS20R6DA 
PLUS20R4DA 
PLUS20L8DA 
PLUS20R8—7A 
PLUS20R6-—7A 
PLUS20R4-—7A 
PLUS20L8-—7A 


internal registers to active-Low after a 
specific period of time. 


The Philips Semiconductors State-of-the-Art 
oxide isolation Bipolar fabrication process is 
employed to achieve high-performance 
operation. 


The PLUS20XxX family of devices are field 
programmable, enabling the user to quickly 
generate custom patterns using standard 
programming equipment. See the 
programmer chart for qualified programmers. 


The SNAP software package from Philips 
Semiconductors supports easy design entry 
for the PLUS20XX series as well as other 
PLD devices from Philips Semiconductors. 
The PLUS20XX series are also supported by 
other standard CAD tools for PAL-type 
devices. 


Order codes are listed in the Ordering 
Information table. 


0410D 
0401F 


853-1359 10778 
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PAL devices 
20L8, 20R8, 20R6, 20R4 


PIN CONFIGURATIONS 


PLUS20L8 


AND/OR ARRAY 


PLUS20L8 


Ig 14 Io NCVecli3 07 


Ig IyqGNDNC 141 Iy2 Og 


SYMBOL DESCRIPTION 

Dedicated Input 

Dedicated combinatorial Output 
Registered output 

Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Voltage 

Ground 

No Connection 
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SYMBOL 


PLUS20R8 


> 


5 
rYYYY YY 


ane 


> 

< 

= | 

< Uf 

« (hg 

5 

Ss [ 

< | 
; 
a 


PLUS20R8 


ly Ig CLKNCVocly4 Q7 


ig Ig GNDNC OE I19 Qo 


DESCRIPTION 

Dedicated Input 

Dedicated combinatorial Output 
Registered output 

Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Voltage 

Ground 

No Connection 
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PAL devices 
20L8, 20R8, 20R6, 20R4 


PIN CONFIGURATIONS 


PLUS20R6 


ii 


CT af a ot of ar 
TT YY YY Y' 


AND/OR ARRAY 


GGG 


ie 


le 


PLUS20R6 


ly Ig CLKNCVocly; B7 


lg GNDNC OE 119 Bo 


SYMBOL DESCRIPTION 
Dedicated Input 
Dedicated combinatorial Output 
Registered output 
Bidirectional (input/output) 
Clock input 
Output Enable 
Supply Voltage 
Ground 
No Connection 
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SYMBOL 


PLUS20R4 


AND/OR ARRAY 


iu 


Gee 
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OS 
PT TT YY 


ig Ig GNDNC OE Iy9 B7 


DESCRIPTION 
Dedicated Input 


Dedicated combinatorial Output 


Registered output 
Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Voltage 


Ground 


No Connection 
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NOTES: 


| unprogrammed or virgin "AND" gate locations are pulled to logic "0". 


5: Programmable connections. 
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PLUS20R8 
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: Programmable connections. 
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20L8, 20R8, 20R6, 20R4 


PLUS20R6 


LOGIC DIAGRAM 
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| unprogrammed or virgin “AND” gate locations are pulled to logic “0”. 


S35: Programmable connections. 


(¢9-0) SNH3L LONGOYd 
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20L8, 20R8, 20R6, 20R4 
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LOGIC DIAGRAM 
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| unprogrammed or virgin "AND" gate locations are pulled to logic "0". 


: Programmable connections. 
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PLUS20R8D/-7 SERIES 


FUNCTIONAL DESCRIPTIONS 

The PLUS20XX series utilizes the familiar 
sum-of-products implementation consisting of 
a programmable AND array anda fixed OR 
array. These devices are capable of replacing 
an equivalent of four or more SSI/MSI 
integrated circuits to reduce package count 
and board area occupancy, consequently 
improving reliability and design cycle over 
Standard Cell or gate array options. By 
programming the security fuse, proprietary 
designs can be protected from duplication. 


The PLUS20XxX series consists of four 
PAL-type devices. Depending on the 
particular device type, there are a variable 
number of combinatorial and registered 
outputs available to the designer. The 
PLUS20L8 is a combinatorial part with 8 user 
configurable outputs (6 bidirectional), while 
the other three devices, PLUS20R8, 
PLUS20R6, PLUS20R4, have respectively 8, 
6, and 4 output registers. 


3-State Outputs 

The PLUS20XxX series devices also feature 
3-State output buffers on each output pin 
which can be programmed for individual 
control of all outputs. The registered outputs 
(Qn) are controlled by an external input 
(/OE), and the combinatorial outputs (On, Bn) 
use a product term to control the enable 
function. 


AND ARRAY - (I, B) 


STATE CODE 
INACTIVE2 | O | 


VIRGIN STATE 


A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All outputs are at “H” polarity. 


2. All P, terms are disabled. 


3. All P, terms are active on all outputs. 


ABEL is a trademark of Data I/O Com. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Corp. 
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Programmable Bidirectional Pins 
The PLUS20XX products feature variable 
Input/Output ratios. In addition to 12 
dedicated inputs, each combinatorial output 
pin of the registered devices can be 
individually programmed as an input or 
output. The PLUS20L8 provides 14 dedicated 
inputs and 6 Bidirectional I/O lines that can 
be individually configured as inputs or 
outputs. 


Output Registers 

The PLUS20R8 has 8 output registers, the 
20R6 has 6, and the 20R4 has 4. Each 
output register is a D-type flip-flop which is 
loaded on the Low-to-High transition of the 
clock input. These output registers are 
capable of feeding the outputs of the 
registers back into the array to facilitate 
design of synchronous state machines. 


Power-up Reset 

By resetting all flip-flops to a logic Low, as the 
power is turned on, the PLUS20R8, R6, R4 
enhance state machine design and 
initialization capability. 


Software Support 
Like other Programmable Logic Devices from 
Philips Semiconductors, the PLUS20XX 


| STATE | CODE | 
ee ee 
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series are supported by SLICE, the 
PC-based software development tool from 
Philips Semiconductors. The PLUS20XX 
family of devices are also supported by 
standard CAD tools for PAL devices, 
including ABEL and CUPL. 


SLICE is available free of charge to qualified 
users. 


Logic Programming 

The PLUS20XxX series is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors 
SNAP design software package. ABEL™ 
CUPL™ and PALASM@® 90 design software 
packages also support the PLUS20XX 
architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PROGRAMMING/SOFTWARE 


SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-Party Programmer/ 
Software Support) of the PLD data handbook 
for additional information. 
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ABSOLUTE MAXIMUM RATINGS" THERMAL RATINGS 
TEMPERATURE 


| RATINGS 
SYMBOL PARAMETER a aa UNIT 


wax 
a 
a 
eee —— et 
iv | tsteurens Sd Y | 
a 
Tay | Stage enperatwerange | 65 


gree 
. Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 


OPERATING RANGES 


se 
SYMBOL PARAMETER 
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20L8, 20R8, 20R6, 20R4 


PLUS20R8D/-7 SERIES 


DC ELECTRICAL CHARACTERISTICS 
O°C < Tamb $ +75°C, 4.75 < Veg $ 5.25V 


SYMBOL PARAMETER TEST CONDITIONS 


Input voltage? 


Vit Low Voc = MIN 
Vin High Vcec = MAX 
Vic Clamp Voc = MIN, lin =-18mA 


Output voltage 


Vec = MIN, Vin = Vin or Vit 
Voi Low lou = 24mA 
Vou High lou =—3.2mA 


Voc = MAX 
Low? Vin = 0.40V 
High? Vin =2.7V 


Maximum input current Vin = Voc = Vecmax 


Output current 


Output leakage 
Output leakage 


Short circuit 4:5 


ee 


Capacitance® 
Cin Input 
8 pF 
Cg I/O (B) 8 pF 
NOTES: 
. All typical values are at Voc = 5V, Tamb = +25°C. 
. All voltage values are with respect to network ground terminal. 


1 
2 
3. Leakage current for bidirectional pins is the worst case of I), and loz, or Ij and Iozp. 
4. Test one ata time. 
5 
6 


Voc = 5V 
Vout = 2.0V 
Vout = 2V, f = 1MHz 


. Duration of short circuit should not exceed 1 second. 
. These parameters are not 100% tested but periodically sampled. 
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20L8, 20R8, 20R6, 20R4 


PLUS20R8D/-7 SERIES 


AC ELECTRICAL CHARACTERISTICS 
R; = 2002, Ro = 3902, 0°C < Tam S$ +75°C, 4.75 < Vog $ 5.25V 


SYMBOL PARAMETER TO a a ee ee 
mint | typ | MAX | MIN' | MAX | 
Pulse Wide 


| tom | OlockHigh Toke Tok ts Ts 
| toa | Clocktow TK Tk Ts 
tee | Period Ke Tks tts 


Setup & Hold time 


Input or 


eo a 
[Sap ensie 
ouputerabie 


a 
<a 
oe “re 
[cor | npuessaour | Of | Owmnasane | a | |e |e [0 [| 
es ee 
ee A 


Frequency (20R8, R6, R4) 


a 
a ee ee 
ee ee ee ee 


U 
ce) 
= 
© 
fil 
Cc 
DD 
Be) 
9) 
n 
O 
[ad 
f 
.?) 
Oo 
+ 


No feedback 1/ (tex, + texy)® 


fase Internal feedback 1/ (tis + texe)® Ld 


External feedback 1/ (tis + texo)® 


For definitions of the terms, please refer to the Timing/Frequency Definitions tables. 

NOTES: 

1. CL =OpF while measuring minimum output delays. 

2. tpp test conditions: CL = S50pF (with jig and scope capacitance), Vi = 3V, Vi. = OV, Vou = Vor = 1.5V. 

3. tcxe was calculated from measured Internal fax. 

4. For 3-State output; output enable times are tested with C, = 50pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, _ 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S; closed. 
Same function as tog; and top, with the difference of using product term control. 

6. Not 100% tested, but calculated at initial characterization and at any time a modification in design takes place which may affect the 
frequency. 


* 


nn 
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20L8, 20R8, 20R6, 20R4 PLUS20R8D/-7 SERIES 


OUTPUT REGISTER PRELOAD 


The output registers can be preloaded to any desired state during device testing. This permits any state to be tested without having to step 
through the entire state-machine sequence. Each register is preloaded individually by following the steps given below. 


Step 1. With Vcc at 5V and Pin 1 at Vj, raise Pin 13 to Viyuy. 

Step 2. Apply either Vi. or Vj to the output corresponding to the register to be preloaded. 

Step 3. Pulse Pin 1, clocking in preload data. 

Step 4. Remove output voltage, then lower Pin 13 to Vi_. Preload can be verified by observing the voltage level at the output pin. 


VIL 
t 


VIH 


VIL 


NOTE: tg = tgy = tw = 100ns to 1000ns. 
VIHH = 10.25V to 10.75V. 


Pin and number reference for DIP package 


TEST LOAD CIRCUIT 


INPUTS 


NOTE: 
C1 and Co are to bypass Voc to GND. 
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20L8, 20R8, 20R6, 20R4 


OUTPUT REGISTER SKEW 


Qn 
(REGISTERED OUTPUT) 


Qn +1 
(REGISTERED OUTPUT) 


CLOCK TO FEEDBACK PATH 
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TIMING DIAGRAMS! 2 


1,8 
(INPUTS) 


Flip-Flop Outputs 


,B 
(INPUTS) 


0, B 
(COMBINATORIAL 
OUTPUTS) 


,B 
(OUTPUT 
ENABLE) 


Gate Outputs 


Q 
(REGISTERED 
OUTPUTS) 


,B 
(INPUTS) 


ts+tcK 


Power-Up Reset 
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TIMING DEFINITIONS 


SYMBOL | PARAMETER 


Width of input clock pulse. 
Interval between clock pulses. 


Clock period. 


Required delay between 
beginning of valid input and 
positive transition of clock. 


Required delay between 
positive transition of clock and 
end of valid input data. 


Delay between positive 
transition of clock and when 
internal Q output of flip-flop 
becomes valid. 


Delay between positive 
transition of clock and when 


outputs become valid (with 
OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 
Output Enable High and when 
outputs are in the Off-State. 


Delay between predefined 
Output Enable High, and 
when combinational outputs 
become valid. 


Delay between predefined 
Output Enable Low and when 
combinational outputs are in 
the Off-State. 


Delay between Vcc (after 
power-on) and when flip-flop 
outputs become preset at “1” 
(internal Q outputs at “O"). 


Propagation delay between 
combinational inputs and 
outputs. 


FREQUENCY DEFINITIONS 


No feedback: Determined by 
the minimum clock period, 
1/(tekL + teKH)- 

Internal feedback: 
Determined by the internal 
delay from flip-flop outputs 


through the internal feedback 
and array to the flip-flop 
inputs, 1/(tig + toxF). 

External feedback: 
Determined by clock-to-output 
delay and input setup time, 


1/(tis + teKo). 


NOTES: 
1. Input pulse amplitude is OV to 3V. 
2. Input rise and fall times are 2.5ns. 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


| | CLK 


VV: CKPALZ: 
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PLUS20L8 


| | w-111 


12 


\4 
“DINPALT: : SNINPALT: 


PROGRAMMABLE AND ARRAY 


PLUS20R8 
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PLUS20R8D/-7 SERIES 


SNAP RESOURCE SUMMARY DESIGNATIONS (Continued) 
| | CLK | | OE 


() 
\/ -expatz VV :NOEPALT: 


8 
“DINPAL7 
¥ ORS 
"AS 
og a 


“NOUTPAL7: 


PLUS20R6 


|} wo-111 | | OE 


12 


C) 
\4 ccxpat7z \Y “NOEPALZ 
DINPAL?: : NINPAL? 


PROGRAMMABLE AND ARRAY 


AND 


8 
“DINPALT: 
Vie 
(XS As 


i- “DFFPAL7:: 


SNOUTPAL?: & Y SNOUTPAL?: 


\V/ 


BO, B1, B6, B7 
PLUS20R4 
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FEATURES DESCRIPTION PIN CONFIGURATIONS 
@ Advanced CMOS EEPROM technology The Philips Semiconductors PL22V 10-10 isa 

. CMOS programmable electrically erasable D and N Packages 
® Ultra high performance logic device that provides a 


- 10ns, (tep) commercial version high-performance, low-power, 


— fyax as fast as 83.3MHz reprogrammable, and architecturally 
enhanced alternative to early generation 


® Available in Dual In-Line, Small Outline programmable logic devices (PLDs). 
Large, and Plastic Leaded Chip Carrier Designed in advanced CMOS EEPROM 
packages technology, the PL22V10 rivals speed 


@ Low power consumption ie rs cigs rere pie Ages 
providing a dramatic improvement in active 
=~ TOmA + O.omevhar2 max power consumption. The EE 
@ EE reprogrammability reprogrammability of the PL22V10 allows 
cost effective plastic packaging, low risk 
inventory, reduced development and retrofit 
costs, and enhanced testability to ensure 


— Low-risk reprogrammable inventory 
— Superior programming and functional 


yas 100% field programmability and function. The 
— 100% testable PL22V 10's flexible architecture offers 
— Erases and programs in seconds complete function and JEDEC-file 
— 100 guaranteed erase cycles compatibility with the bipolar AmPAL22V 10 
eD : and the CMOS PALC22V10. Applications for N= Plastic Dual In-Line Package (300mil-wide) 
evelopment and programming support the PL22V10 include: replacement of random eee ers 
— Third-party software and programmers SSI/MSI logic circuitry and user customized = 
— SLICE development software sequential and combinatorial functions such i Packace 
© Architectural fieabiitty as counters, shift registers, state machines, g 
address decoders, multiplexers, etc. CLK/ 
— 132 product term x 44 input AND array Development and programming support for ‘ 
— Up to 22 inputs and 10 outputs the PL22V10 is provided by Philips 
— Variable product term distribution (8 to Semiconductors and third-party 
16 per output) for greater logic flexibility  ™anufacturers. 
— Independently programmable 
4-configuration /O macrocells PIN LABEL DESCRIPTIONS 


— Synchronous preset, asynchronous clear Dedicated Input 
Not Connected 


— Independently programmable output 
enables 


® Application versatility Macro Cell Input/Output 


— Pin-for-pin and JEDEC-file compatible CLK/I0 Clock Input/Dedicated Input 
with the bipolar AmPAL22V10, CMOS |Supply Voltage 
PALC22V10 and PEEL22CV10A Se 


A = Plastic Leaded Chip Carrier 


ORDERING INFORMATION 


24-Pin (300mil-wide) Plastic DIP (Dual-In-Line Package) 
24-Pin (300mil-wide) Plastic SOL (Small Outline Large) Package 
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FUNCTION DESCRIPTION 

The PL22V10 implements logic functions as 
sum-of-products expressions in a 
programmable-AND/fixed-OR logic array. 
User-defined functions are created by 
programming the connections of input signals 
into the array. User-configurable output 
structures in the form of I/O macrocells 
further increase logic flexibility. 


ARCHITECTURE OVERVIEW 

The PL22V 10 architecture is illustrated in the 
Figure 1. Twelve dedicated inputs and 10 
I/Os provide up to 22 inputs and 10 outputs 
for creation of logic functions. At the core of 
the device is a programmable 
electrically-erasable AND array which drives 
a fixed OR array. With this structure, the 
PL22V10 can implement up to 10 
sum-of-products logic expressions. 


Associated with each of the 10 OR functions 
is an I/O macro cell which can be 
independently programmed to one of 4 
different configurations. The programmable 
macro cells allow each I/O to create 
sequential or combinatorial logic functions 
with either Active-High or Active-Low polarity. 
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7 a 7 Wy 


Figure 1. Functional Diagram 


AND/OR LOGIC ARRAY 

The programmable AND array of the 
PL22V10 (shown in the Logic Diagram) is 
formed by input lines intersecting product 
terms. The input lines and product terms are 
used as follows: 


44 input lines: 


24 input lines carry the True and 
Complement of the signals applied to the 
12 input pins 


20 additional lines carry the True and 
Complement values of feedback or input 
signals from the 10 I/Os 


132 product terms: 


120 product terms (arranged in 2 groups 
of 8, 10, 12, 14, and 16) used to form 
logical sums 


10 output enable terms (one for each I/O) 
1 global synchronous preset term 
1 global asynchronous clear term 


At each input-line/product-term intersection 
there is an EEPROM memory cell which 
determines whether or not there is a logical 
connection at that intersection. Each product 
term is essentially a 44-input AND gate. A 
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product term which is connected to both the 
True and Complement of an input signal will 
always be FALSE, and thus will not effect the 
OR function that it drives. When all the 
connections on a product term are opened, a 
Don't Care state exists and that term will 
always be TRUE. 


When programming the PL22V10, the device 
programmer first performs a bulk erase to 
instantly remove the previous pattern. The 
erase cycle opens every logical connection in 
the array. The device is then configured to 
perform the user-defined function by 
programming selected connections in the 
AND array. (Note that EEPROM device 
programmers automatically program the 
connections on unused product terms so that 
they will have no effect on the output 
function.) 


VARIABLE PRODUCT TERM 


DISTRIBUTION 

The PL22V10 provides 120 product terms to 
drive the 10 OR functions. These product 
terms are distributed among the outputs in 
groups of 8, 10, 12, 14, and 16 to form logical 
sums (see Logic Diagram). This distribution 
allows optimum use of device resources. 
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Unprogrammed fuse 
Programmed fuse 


c. Combinatorial/Active-LOW 


b. Registered/Active-HIGH d. Combinatorial/Active-HIGH 


Figure 3. 
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PROGRAMMABLE I/O 
MACROCELL 


The output macrocell provides complete 
control over the architecture of each output. 
The ability to configure each output 
independently permits users to tailor the 
configuration of the PL22V 10 to the precise 
requirements of their designs. 


MACROCELL ARCHITECTURE 
Each I/O macrocell, as shown in Figure 2, 
consists of a D-type flip-flop and two 
signal-select multiplexers. The configuration 
of each macrocell of the PL22V10 is 
determined by the two EEPROM bits 
controlling these multiplexers. These bits 
determine output polarity, and output type 
(registered or non-registered). Equivalent 
circuits for the macrocell configurations are 
illustrated in Figure 3. 


OUTPUT TYPE 

The signal from the OR array can be fed 
directly to the output pin (combinatorial 
function) or latched in the D-type flip-flop 
(registered function). The D-type flip-flop 
latches data on the rising edge of the clock 
and is controlled by the global preset and 
clear terms. When the synchronous preset 
term is satisfied, the Q output of the register 
will be set HIGH at the next rising edge of the 
clock input. Satisfying the asynchronous clear 
term will set Q LOW, regardless of the clock 
state. If both terms are satisfied 
simultaneously, the clear will override the 
preset. 


PROGRAM/ERASE CYCLES 
The PL22V10 is 100% testable, 
erases/programs in seconds, and has 100 
guaranteed erase cycles. 


OUTPUT POLARITY 

Each macrocell can be configured to 
implement Active-High or Active-Low logic. 
Programmable polarity eliminates the need 
for external inverters. 


ABEL is a trademark of Data I/O Com. 
CUPL is a trademark of Logical Devices, Inc. 
PALASNM is a registered trademark of AMD Corp. 
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OUTPUT ENABLE 

The output of each I/O macrocell can be 
enabled or disabled under the control of its 
associated programmable output enable 
product term. When the logical conditions 
programmed on the output enable term are 
satisfied, the output signal is propagated to 
the I/O pin. Otherwise, the output buffer is 
driven into the high-impedance state. 


Under the control of the output enable term, 
the I/O pin can function as a dedicated input, 
a dedicated output, or a bi-directional |/O. 
Opening every connection on the output 
enable term will permanently enable the 
output buffer and yield a dedicated output. 
Conversely, if every connection is intact, the 
enable term will always be logically FALSE 


and the |/O will function as a dedicated input. 


REGISTER FEEDBACK SELECT 
When the I/O macrocell is configured to 
implement a registered function (S1=0) 
(Figures 3.a or 3.b), the feedback signal to 
the AND array is taken from the Q output. 


BI-DIRECTIONAL I/O SELECT 
When configuring an I/O macrocell to 
implement a combinatorial function (S1=1) 
(Figures 3.c or 3.d), the feedback signal is 
taken from the I/O pin. In this case, the pin 
can be used as a dedicated input, a 
dedicated output, or a bi-directional I/O. 


POWER-ON RESET 

To ease system initialization, all flip-flops will 
power-up to a reset condition and the Q 
output will be low. The actual output of the 
PL22V10 will depend on the programmed 
output polarity. The Voc rise must be 
monotonic and the reset delay time is 5us 
maximum. 
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DESIGN SECURITY 

The PL22V10 provides a special EEPROM 
security bit that prevents unauthorized 
reading or copying of designs programmed 
into the device. The security bit is set by the 
PLD programmer, either at the conclusion of 
the programming cycle or as a separate step, 
after the device has been programmed. Once 
the security bit is set it is impossible to verify 
(read) or program the PL22V10 until the 
entire device has first been erased with the 
bulk-erase function. 


PROGRAM AND ERASE 

The PL22V10 can be programmed on 
standard logic programmers. If a device 
needs to be reprogrammed, simply place 
back into the programmer, at which point it 
will be automatically erased, then 
repatterned. 


Approved programmers are listed in the 
Philips Semiconductors Programmer 
Reference Guide. 


SOFTWARE SUPPORT 

The PL22V10 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Philips Semiconductors’ 
SNAP design software package. ABEL™, 
CUPL™, and PALASM® 90 design software 
packages also support the PL22V10 
architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PL22V10 logic designs can also be 
generated using the program table entry 
format. This program table entry format is 
supported by SNAP only. 
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ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER CONDITIONS 


Voc Supply voltage Relative to GND 


2 Sa 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at these 
or any other condition above those indicated in the operational and programming specification of the device is not implied. 

2. Minimum DC input is -0.5V, however inputs may undershoot to -2.0V for periods less than 20ns. 

3. Vin and Vout are not specified for program/verify operation. 


OPERATING RANGES 


RATINGS 
SYMBOL PARAMETER CONDITIONS | MIN. | MAX | 


a 
ra 


[cicckFie Tine ~~ Seow SSSCSC~—~—~—‘iSSC‘“dtCS Ow 
Se SO 


NOTES: 
1. Voltage applied to input or output must not exceed Vcc +0.3V. 
2. Test points for Clock and Vcc in ta, te, toL, toy, and treser are referenced at 10% and 90% levels. 
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DC ELECTRICAL CHARACTERISTICS 
Commercial = 0°C < Tam $ +75°C, 4.75V < Voc < 5.25V 


LIMITS 


Input voltage 


Vit Low 0.3 0.8 V 
a a ee ee ee 
Output voltage 
Low —TTL Voc = MIN, Io, = 16mA 
Low — CMOS Voc = MIN, Io, = 10pA 


High — TTL Voc = MIN, Ioy = —4.0mA 
High — CMOS Voc = MIN, lon = -1 OvwA 


Short circuit 


——_ i 
ee 
iaustiah current, TTL 


Output leakage +10 


No more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 
I/O pins open (no load). 

Icc for a typical application: This parameter is tested with the device programmed as a 10-bit Counter. 

Typical values are at Voc = 5V. Typical values are guaranteed by design. 

Room temperature only. 


nn & (fo 
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AC ELECTRICAL CHARACTERISTICS 
Commercial = 0°C < Tamp < +75°C, 4.75V < Voc < 5.25V1+2 


TEST PL22V10-10 
PARAMETER CONDITIONS 


Peo | mavPwronegiwedoupt —SSS*dCSSC 
. 
0 


ok 
io) 


=) 


a = 
=f 


7 


Clock width — clock low time, clock high timeS 


MAX clock frequency; 


7 
| 


Capacitance® 


Input Capacitance’ 


Output Capacitance’ 


NOTES: 

1. Test conditions assume: signal transition times of 2.5ns or less from the 10% and 90% points, timing reference levels of 1.5V (unless otherwise 
specified). 

Device test loads are specified at the end of this section. 

“Input” refers to an Input pin signal. 

tog is measured from input transition to Vac + 0.1V, top is measured from input transition to Voy —0.1V or Vo, + 0.1V. 

Test points for Clock and V¢¢ in tg, te, toL, te, and taese7 are referenced at 10% and 90% levels. 

Parameters are not 100% tested. Specifications are based on initial characterization and are tested after any design or process modification 
which may affect operational frequency. 

Capacitances are tested on a sample basis. 


MIN clock period External (ts + tcg) 50pF | te || 
MAX operating frequency; 
ree Internal feedback® ee ee 50pF 76 MHz 
MAX operating frequency; External (1/tcp) 50pF | 666 | | MHz 
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TEST LOAD CIRCUIT 


NOTES: 
C1 and C2 are to bypass Voc to GND. 
Ry = 235Q, Ro = 1592, Cy = SOpF. 


THEVENIN EQUIVALENT VOLTAGE WAVEFORM 


DUT OUTPUT 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 
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SWITCHING WAVEFORMS 


INPUT OR INPUT OR 
FEEDBACK FEEDBACK 


COMBINATORIAL 
OUTPUT 


REGISTERED 
Combinatorial Output OUTPUT 


Registered Output 


CLK 
\/ 
Q 7 
REGISTER Q 
re} REGISTER 
fe] 
SF 


t 


OUTPUT 


Clock to Combinatorial Output (tco2) 


OUTPUT 


Clock Width Input to Output Disable/Enable 


INPUT ASSERTING INPUT ASSERTING 
ASYNCHRONOUS SYNCHRONOUS VT 
RESET PRESET 
ts 'H 


REGISTERED 
OUTPUT VT 


tco—> 


REGISTERED 
OUTPUT VT 


Asynchronous Reset Synchronous Preset 


NOTES: 

1. Vy = 1.5V. 

2. Input pulse amplitude OV to 3.0V. 
3. Input rise and fall times 2.5ns max. 
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“AND” ARRAY - (I, B) 


; P,D 
| inactive! {| 0 [| DONTcARE | - 
NOTE: 
1. This is the initial state. 
POWER-UP RESET parameter table are shown below. Due to the 1. The Vcc rise must be monotonic. 
The power-up reset feature ensures that all synchronous operation of the power-up reset Following reset, the clock input must not 
flip-flops will be reset to LOW after the device and the wide range of ways Vcc can rise to ' :; 
its steady state, two conditions are required oe TVG THORS AVY Ne FCT TDS 

has been powered up. The output State will y , q applicable input and feedback setup times 
depend on the programmed pattern. This to ensure a valid power-up reset. These anit 
feature is valuable in simplifying state conditions are: 


machine initialization. A timing diagram and 


a a 


Input or Feedback Setup Time See AC Electrical 
Clock Width LOW Characteristics 


LIMITS 


REGISTERED 
ACTIVE-LOW 
OUTPUT 


tWL 


Power-Up Reset Waveform 
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PRELOAD TEST CONDITION 


SYMBOL PARAMETER CONDITIONS 


Valid data out 


tpz Output 3-State delay time after assertion of Preload 
(Pin ee Vin) 
Hold time of all preload inputs with respect to Clock 
rising edge 


LIMITS 


Setup time of all preload inputs with respect to Clock 
rising edge 


H 

SU 
Hold time for Preconditioning input 
Preload enable voltage 


PRELOAD WAVEFORM 


tp 
tp 
tp 


Viy 3.0V 


Vii OV 


VHH 14.75V 


ALL OTHER INPUTS 


tPpH _|tpE 


VO PINS | PRELOAD a VALID DATA-OUT 
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PROGRAM TABLE 


H — ACTIVE HIGH 
L — ACTIVE LOW 


POLARITY 
es ee ae A a a 


POLARITY 


lPENANAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAN 
NAAAAAAAAAAAANAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAANAAN 
BROS AAAS ASA A 


AAAARARAAAAANAAAARAAARSAAAARAAARARAAARAAAAAAAAAAARAAAAAAARAAAAAR 


PN \AAAAAAAN 


ARAARAAAAAARANAAAARAAASSARAAARAAAARANN teeta tte taal 


BRASS RR SEAS SAE OL 


SINE 


BEEEEEECEEN 


CONTROL WORD 
ee ee ee Oe es es 


B —- COMBINATORIAL 
D — REGISTERED 


aod ARRAS AARR AAA AAAAAAAN ARRAN 


SAR AISSAISSARA RAINS RANA SAAAANAARAAAIAAAA SR ARARAARARAA 
PLETE ETE EE ey 


ep 

fe 

je 

Se 


AWVN 
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PROGRAM TABLE (Continued) 


H>AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAANANAAAANAANAAN <1 <[<1<1<14<1<1 << ANAAAAAN 
sNAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAN 2 |<1</</<[</<[<1<[<[</</<]AAAAAAAAAAAAAAAAAAN 


PASS sei ANNANANAAAARRAAA NAAN ADAAAAAAARAAAARAAAAAAAAA NN 


PAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAANAAAA 
PAAAAAAAAAAAAAAAAAAAANAAAAAAAAAAAAAAAAAAAAAAAAAAANAAAAAAAAAAANAAA 


SANNA RANA 


leNAAAAAAAAAAAAANANAAAAAAAAAAAAANAAAAAAAAAAAAAAAANAAAANAAAANAAAAAN 


a 


JIWVN 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


5 CLK/IO 


1 


\é \h 
“DINVIO | 'NINVA0: ‘DINVIO i “NINVIO 


PROGRAMMABLE 
AND ARRAY 
(44 x 132) 


Praia cate ala ca 2) 


ouTPUTI-H ouTeuTHT ouTPUTH+4 OUTPUT OUTPUT OUTPUT OUTPUT] OUTPUT] OUTPUT] OUTPUT 
RESET | vacroltbmacro | | acro Lb acro LL bacro LL wacro tb macro ltt wacroltb macro 
| CELL ||. CELL cet. || ce LI ceu LIP ce [if ceuw Ly ceu cet. || [ cet 


“CLOCK Hl j ¥ PRESET 
\/ Pe —" V/ V/V IY f= 
¥-outvie:| S-outvio:| S%-outvio:| Seoutvio| Ssoutvio!] XY outvio| Soutvio| S outvio:| S:outvio| ¥ outvioe 
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FEATURES 
®@ Advanced CMOS EEPROM technology 


® Ultra high performance 


- 12ns, and 15ns (tpp) commercial 
versions 


- 15ns (tpp) industrial version 
— fyax as fast as 71.4MHz 

®@ Available in Dual In-Line, Small Outline 
Large, and Plastic Leaded Chip Carrier 
packages 

@ Low power consumption 
— 90mA + 0.5mA/MHz max 


®@ EE reprogrammability 
- Low-risk reprogrammable inventory 
- Superior programming and functional 
yield 
- 100% testable 
~- Erases and programs in seconds 
- 100 guaranteed erase cycles 


®@ Development and programming support 
- Third-party software and programmers 
- SLICE development software 


® Architectural flexibility 
- 132 product term x 44 input AND array 
- Up to 22 inputs and 10 outputs 
- Variable product term distribution (8 to 
16 per output) for greater logic flexibility 
- Independently programmable 
4-configuration I/O macrocells 


- Synchronous preset, asynchronous clear 
- Independently programmable output 
enables 
® Application versatility 


- Pin-for-pin and JEDEC-file compatible 
with the bipolar AmPAL22V10, CMOS 
PALC22V10 and PEEL22CV10A 


ORDERING INFORMATION 


DESCRIPTION 

The Philips Semiconductors PL22V10-12 and 
PL22V10-15 are CMOS programmable 
electrically erasable logic devices that provide 
a high-performance, low-power, 
reprogrammable, and architecturally 
enhanced alternative to early generation 
programmable logic devices (PLDs). 
Designed in advanced CMOS EEPROM 
technology, the PL22V10 rivals speed 
parameters of comparable bipolar PLDs while 
providing a dramatic improvement in active 
power consumption. The EE 
reprogrammability of the PL22V10 allows 
cost effective plastic packaging, low risk 
inventory, reduced development and retrofit 
costs, and enhanced testability to ensure 
100% field programmability and function. The 
PL22V 10's flexible architecture offers 
complete function and JEDEC-file 
compatibility with the bipolar AmPAL22V 10 
and the CMOS PALC22V10. Applications for 
the PL22V10 include: replacement of random 
SSI/MSI logic circuitry and user customized 
sequential and combinatorial functions such 
as counters, shift registers, state machines, 
address decoders, multiplexers, etc. 
Development and programming support for 
the PL22V10 is provided by Philips 
Semiconductors and third-party 
manufacturers. 


PIN LABEL DESCRIPTIONS 


[iit [Dedeatesinput 


PIN CONFIGURATIONS 


D and N Packages 


N= Plastic Dual In-Line Package (300mil-wide) 
D-= Plastic Small Outline Large (300mil-wide) 
Package 


A Package 


A = Plastic Leaded Chip Carrier 


DESCRIPTION ORDER CODE DRAWING NUMBER 


24-Pin (300mil-wide) Plastic DIP (Dual-In-Line Package) 


28-Pin (300mil-wide) PLCC (Plastic Leaded Chip Carrier Package) 


24-Pin (300mil-wide) Plastic SOL (Small Outline Large) Package 


October 22, 1993 


PL22V10—12N 
PL22V10—-15N 
PL22V10115N (Industrial) 


PL22V10-12A 
PL22V10-15A 
PL22V10115A (Industrial) 


PL22V10—10D 

PL22V10—12D 

PL22V10—-15D 
PL22V10115D (Industrial) 
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LOGIC DIAGRAM 
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FUNCTION DESCRIPTION 

The PL22V10 implements logic functions as 
sum-of-products expressions ina 
programmable-AND/fixed-OR logic array. 
User-defined functions are created by 
programming the connections of input signals 
into the array. User-configurable output 
structures in the form of I/O macrocells 
further increase logic flexibility. 


ARCHITECTURE OVERVIEW 

The PL22V 10 architecture is illustrated in the 
Figure 1. Twelve dedicated inputs and 10 
I/Os provide up to 22 inputs and 10 outputs 
for creation of logic functions. At the core of 
the device is a programmable 
electrically-erasable AND array which drives 
a fixed OR array. With this structure, the 
PL22V10 can implement up to 10 
sum-of-products logic expressions. 


Associated with each of the 10 OR functions 
is an I/O macro cell which can be 
independently programmed to one of 4 
different configurations. The programmable 
macro cells allow each I/O to create 
sequential or combinatorial logic functions 
with either Active-High or Active-Low polarity. 
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PROGRAMMABLE 
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(44 x 132) 
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> MACRO|| e MACRO 
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OUTPUT 
S MACRO |_| 


OUTPU 
- MACRO 


OUTPU 


Figure 1. Functional Diagram 


AND/OR LOGIC ARRAY 

The programmable AND array of the 
PL22V10 (shown in the Logic Diagram) is 
formed by input lines intersecting product 
terms. The input lines and product terms are 
used as follows: 


44 input lines: 


24 input lines carry the True and 
Complement of the signals applied to the 
12 input pins 


20 additional lines carry the True and 
Complement values of feedback or input 
signals from the 10 I/Os 


132 product terms: 


120 product terms (arranged in 2 groups 
of 8, 10, 12, 14, and 16) used to form 
logical sums 


10 output enable terms (one for each I/O) 
1 global synchronous preset term 
1 global asynchronous clear term 


At each input-line/product-term intersection 
there is an EEPROM memory cell which 
determines whether or not there is a logical 
connection at that intersection. Each product 
term is essentially a 44-input AND gate. A 
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OUTPUT OUTPU 


> MACRO | 


Hsieh 


ses 


product term which is connected to both the 
True and Complement of an input signal will 
always be FALSE, and thus will not effect the 
OR function that it drives. When all the 
connections on a product term are opened, a 
Don't Care state exists and that term will 
always be TRUE. 


When programming the PL22V10, the device 
programmer first performs a bulk erase to 
instantly remove the previous pattern. The 
erase cycle opens every logical connection in 
the array. The device is then configured to 
perform the user-defined function by 
programming selected connections in the 
AND array. (Note that EEPROM device 
programmers automatically program the 
connections on unused product terms so that 
they will have no effect on the output 
function.) 


VARIABLE PRODUCT TERM 


DISTRIBUTION 

The PL22V10 provides 120 product terms to 
drive the 10 OR functions. These product 
terms are distributed among the outputs in 
groups of 8, 10, 12, 14, and 16 to form logical 
sums (see Logic Diagram). This distribution 
allows optimum use of device resources. 
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S| OUTPUT CONFIGURATION 


Unprogrammed fuse 
Programmed fuse 


c. Combinatorial/Active-LOW 


b. Registered/Active-HIGH d. Combinatorial/Active-HIGH 


Figure 3. 
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PROGRAMMABLE I/O 
MACROCELL 


The output macrocell provides complete 
control over the architecture of each output. 
The ability to configure each output 
independently permits users to tailor the 
configuration of the PL22V 10 to the precise 
requirements of their designs. 


MACROCELL ARCHITECTURE 
Each I/O macrocell, as shown in Figure 2, 
consists of a D-type flip-flop and two 
signal-select multiplexers. The configuration 
of each macrocell of the PL22V10 is 
determined by the two EEPROM bits 
controlling these multiplexers. These bits 
determine output polarity, and output type 
(registered or non-registered). Equivalent 
circuits for the macrocell configurations are 
illustrated in Figure 3. 


OUTPUT TYPE 

The signal from the OR array can be fed 
directly to the output pin (combinatorial 
function) or latched in the D-type flip-flop 
(registered function). The D-type flip-flop 
latches data on the rising edge of the clock 
and is controlled by the global preset and 
clear terms. When the synchronous preset 
term is satisfied, the Q output of the register 
will be set HIGH at the next rising edge of the 
clock input. Satisfying the asynchronous clear 
term will set Q LOW, regardless of the clock 
state. If both terms are satisfied 
simultaneously, the clear will override the 
preset. 


PROGRAM/ERASE CYCLES 
The PL22V 10 is 100% testable, 
erases/programs in seconds, and has 100 
guaranteed erase cycles. 


OUTPUT POLARITY 

Each macrocell can be configured to 
implement Active-High or Active-Low logic. 
Programmable polarity eliminates the need 
for external inverters. 


ABEL is a trademark of Data /O Corp. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Corp. 


October 22, 1993 


OUTPUT ENABLE 

The output of each I/O macrocell can be 
enabled or disabled under the control of its 
associated programmable output enable 
product term. When the logical conditions 
programmed on the output enable term are 
satisfied, the output signal is propagated to 
the I/O pin. Otherwise, the output buffer is 
driven into the high-impedance state. 


Under the control of the output enable term, 


the I/O pin can function as a dedicated input, 


a dedicated output, or a bi-directional I/O. 
Opening every connection on the output 
enable term will permanently enable the 
output buffer and yield a dedicated output. 
Conversely, if every connection is intact, the 
enable term will always be logically FALSE 


and the 1/O will function as a dedicated input. 


REGISTER FEEDBACK SELECT 
When the I/O macrocell is configured to 
implement a registered function (S1=0) 
(Figures 3.a or 3.b), the feedback signal to 
the AND array is taken from the Q output. 


BI-DIRECTIONAL I/O SELECT 
When configuring an I/O macrocell to 
implement a combinatorial function (S1=1) 
(Figures 3.c or 3.d), the feedback signal is 
taken from the I/O pin. In this case, the pin 
can be used as a dedicated input, a 
dedicated output, or a bi-directional I/O. 


POWER-ON RESET 

To ease system initialization, all flip-flops will 
power-up to a reset condition and the Q 
output will be low. The actual output of the 
PL22V10 will depend on the programmed 
output polarity. The Vcc rise must be 
monotonic and the reset delay time is 5us 
maximum. 
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DESIGN SECURITY 

The PL22V10 provides a special EEPROM 
security bit that prevents unauthorized 
reading or copying of designs programmed 
into the device. The security bit is set by the 
PLD programmer, either at the conclusion of 
the programming cycle or as a separate step, 
after the device has been programmed. Once 
the security bit is set it is impossible to verify 
(read) or program the PL22V10 until the 
entire device has first been erased with the 
bulk-erase function. 


PROGRAM AND ERASE 

The PL22V10 can be programmed on 
standard logic programmers. If a device 
needs to be reprogrammed, simply place 
back into the programmer, at which point it 
will be automatically erased, then 
repatterned. 


Approved programmers are listed in the 
Philips Semiconductors Programmer 
Reference Guide. 


SOFTWARE SUPPORT 

The PL22V10 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Philips Semiconductors’ 
SNAP design software package. ABEL™, 
CUPL™, and PALASM@ 90 design software 
packages also support the PL22V10 
architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PL22V10 logic designs can also be 
generated using the program table entry 
format. This program table entry format is 
supported by SNAP only. 


Philips Semiconductors Programmable Logic Devices Product specification 


CMOS programmable electrically erasable PL22V10-12/-15, 
logic device PL22V10115 


ABSOLUTE MAXIMUM RATINGS! 


a 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at these 
or any other condition above those indicated in the operational and programming specification of the device is not implied. 

2. Minimum DC input is -0.5V, however inputs may undershoot to —2.0V for periods less than 20ns. 

3. Vij and Vout are not specified for program/verify operation. 


OPERATING RANGES 


RATINGS 
SYMBOL PARAMETER CONDITIONS | MIN: | MAX | UNIT 


Paves 
Pix | GeekRisetine «di Seen? —SSCSC~—~‘“s*~*rSC“‘*‘“z;CSCdC 


NOTES: 
1. Voltage applied to input or output must not exceed Voc +0.3V. 
2. Test points for Clock and Vcc in tr, tr, to_, tey, and taeser are referenced at 10% and 90% levels. 
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DC ELECTRICAL CHARACTERISTICS 
Commercial = 0°C < Tamb S$ +75°C, 4.75V < Voc < 5.25V; 
Industrial = —-40°C < Tamb S$ +85°C, 4.5V < Voc < 5.5V 


LIMITS 


Input voltage 


Vit Low 0.3 0.8 V 
Vin High 2.0 Voc + 0.3 V 


Output voltage 
0.5 
0.1 
2.4 
Voc - 0.1 


Low — TTL 


Low — CMOS 
Output current 


High — TTL 
High - CMOS 


loc Voc active current, CMOS 7 23 70 + 90 + 

(commercial) Vin = Voc or GND 0.5mA/MHz 0.5mA/MHz rit 
Vcc active current, CMOS 23 80 + 100 + 
(industrial) Vin = Vec or GND 0.5mA/MHz 0.5mA/MHz mA 


Voc = MIN, lo, = 16mA 
Voc = MIN, lo, = 10nA 
Voc = MIN, Ioy = 4.0mA 
Voc = MIN, loy = —10uA 


= = <= = 


Vcc active current, TTL 23 80 + 100 + 
(commercial) 0.5mA/MHz 0.5mA/MHz mA 
Vcc active current, TTL 23 90 + 110 + 
(industrial) 0.5mA/MHz 0.5mA/MHz mA 
NOTES: 


No more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 
I/O pins open (no load). 

Icc for a typical application: This parameter is tested with the device programmed as a 10-bit Counter. 

Typical values are at Voc = 5V. Typical values are guaranteed by design. 

Room temperature only. 


ofOnN =| 
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AC ELECTRICAL CHARACTERISTICS 
Commercial = 0°C < Tamp $ +75°C, 4.75V < Veg $ 5.25V12: 
Industrial = —40°C < Tamp $ +85°C, 4.5V < Vee < 5.5V 
TEST 


SYMBOL PARAMETER CONDITIONS 


issues |r 
a 
eee ee 

mak 


Clock to combinatorial output delay via internal regis- 
tered feedback 


PL22V10-15 
PL22V10-12 PL22V10115 


_ _—_ 
hm ]| MH 


<= 
= 
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<= 
KIe3 
— 
— 
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— 
— 


ok 
oO 


MAX operating frequency, 
fax Internal feedback® aac 50pF 


fMax2 MAX operating frequency; External (1/tcp) 50pF 


MAX clock frequency; 
No feedback® (= + twy a 


Asynchronous Reset pulse width 50pF 


Capacitance® 


lamb = 20°C 
7 amb ’ 
Cin Input Capacitance Voc = 5.0V 


Court Output Capacitance’ @ f = 1MHz 


NOTES: 

1. Test conditions assume: signal transition times of 2.5ns or less from the 10% and 90% points, timing reference levels of 1.5V (unless otherwise 
specified). 

Device test loads are specified at the end of this section. 

“Input” refers to an Input pin signal. 

toe is measured from input transition to Vag + 0.1V, top is measured from input transition to Voy —0.1V or Vo, + 0.1V. 

Test points for Clock and Vcc in tr, tr, te, tey, and treser are referenced at 10% and 90% levels. 

Parameters are not 100% tested. Specifications are based on initial characterization and are tested after any design or process modification 
which may affect operational frequency. 

Capacitances are tested on a sample basis. 
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TEST LOAD CIRCUIT 


NOTES: 
C1 and Co are to bypass Vcc to GND. 
Ry = 235Q, Ro = 159, Cy = 50pF. 


THEVENIN EQUIVALENT VOLTAGE WAVEFORM 


VL = 2.02V L0N-S 


DUT OUTPUT 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 
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SWITCHING WAVEFORMS 


INPUT OR INPUT OR 
FEEDBACK FEEDBACK 


COMBINATORIAL 
OUTPUT 


: : REGISTERED 
Combinatorial Output OUTPUT 


Registered Output 
CLK 
V 
Q V 
REGISTER Q 
fe) REGISTER 
G 
SF 


OUTPUT 


t 


OUTPUT 


1 * 
fax, ; Internal Feedback Clock to Combinatorial Output (tco2) 
tsF + tco 


OUTPUT 


Clock Width Input to Output Disable/Enable 


INPUT ASSERTING INPUT ASSERTING 
ASYNCHRONOUS SYNCHRONOUS VT 
RESET PRESET 
ts 


REGISTERED 
OUTPUT 


'SPR 


REGISTERED 
OUTPUT VT 


Asynchronous Reset Synchronous Preset 


NOTES: 

1. Vr= 1LSV. 

2. Input pulse amplitude OV to 3.0V. 
3. Input rise and fall times 2.5ns max. 
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“AND” ARRAY - (I, B) 


,B 
,B 
1B 
P,D 


[stare [cove] | [state] cone | 


| inactive! | O | | DonTcARE | - 
NOTE: 
1. This is the initial state. 
POWER-UP RESET parameter table are shown below. Due to the 1. The Vcc rise must be monotonic. 
The power-up reset feature ensures that all synchronous operation of the power-up reset = Following reset, the clock input must not 
flip-flops will be reset to LOW after the device and the wide range of ways Vcc can rise to be driven from LOW to HIGH unti all 
has been powered up. The output state will its steady state, two conditions are required applicable input and feedback setup times 
depend on the programmed pattern. This to ensure a valid power-up reset. These i 
feature is valuable in simplifying state conditions are: 


machine initialization. A timing diagram and 


a 


Input or Feedback Setup Time See AC Electrical 
Clock Width LOW Characteristics 


REGISTERED 
ACTIVE-LOW 
OUTPUT 


'WL 


Power-Up Reset Waveform 
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PRELOAD TEST CONDITION 


LIMITS 


SYMBOL PARAMETER CONDITIONS 


Valid data out 
tpz 


Output 3-State delay time after assertion of Preload 
(Pin 22 Vi) 

tpy Hold time of all preload inputs with respect to Clock 
rising edge 

tpsu Setup time of all preload inputs with respect to Clock 
rising edge 


Hold time for Preconditioning input 
Preload enable voltage 


PRELOAD WAVEFORM 


Vit OV 


VHH 14.75V 


ALL OTHER INPUTS 


VO PINS PRELOAD ~T VALID DATA-OUT 
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POLARITY 
u OV 
POLARITY 
= a a ee ee ee 


CONTROL WORD 
RE OS eed ee 


= 


. 
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B — COMBINATORIAL 


CMOS programmable electrically erasable 


logic device 
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SNAP RESOURCE SUMMARY DESIGNATIONS 
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DESCRIPTION 

The ABT22V10 is a versatile PAL' device 
fabricated with the Philips BiCMOS process 
known as QUBiC. The QUBiC process 
produces a very high speed device (7.5ns 
worst case) which has excellent noise 
immunity. The ground bounce, with 9 outputs 
switching and the 10th held low is, typically, 
less than 0.8V. 


The ABT22V10 uses the familiar AND/OR 
logic array structure, which allows direct 
implementation of sum-of-product equations. 
This device has a programmable AND array 
which drives a fixed OR array. The AND array 
is programmed to create custom product 
terms while the fixed OR array sums selected 
terms at the output. 


The OR sum of the products feeds the 
“Output Macro Cell” (OMC) which can be 
individually configured as a dedicated input, a 
combinatorial output, or a registered output 
with internal feedback. In other words, the 
architecture provides maximum design 
flexibility by allowing the Output Macro Cell to 
be configured by the user. 


The ABT22V10 is designed so the outputs 
can never display a metastable state due to 
set up and hold time violations. If set up and 
hold times are violated, the outputs will not 
glitch or display a metastable state (the 
propagation delays may, however, be 
extended). 


This device is pin and JEDEC file compatible 
with industry standard 22V 10 and can be 
used in all standard applications where speed 
is to be maximized. 


Order codes can be found in the Ordering 
Information table. 


FEATURES 


® Ultra fast 7.5ns tpp and 6ns tco 


®@ Pin and JEDEC file compatible to industry 
standard 22V 10 


ORDERING INFORMATION 


28-Pin Plastic Leaded Chip Carrier 


DESCRIPTION ORDER CODE DRAWING NUMBER 
24-Pin Plastic Dual-In-Line Package 300mil-wide ABT22V10-7N 


PIN CONFIGURATIONS 


® 10 input/output macro cells for architectural 
flexibility 


N Package 


® Metastable immune flip-flops 
®@ Low ground bounce (<0.8V typical) 


@ Varied product term distribution with up to 
16 product terms per output for complex 
functions 


®@ Programmable output polarity 
@ Power-up reset on all registers 
® Synchronous Preset/Asynchronous Reset 


@ Programmable on standard PAL-type 
device programmers 


® Design support provided using SNAP 
software development package and other 
CAD tools for PLDs 


® Available in 300mil-wide 24-Pin Plastic 
Dual In-Line Package and 28-Pin Plastic 
Leaded Chip Carrier 


N = Plastic DIP (300mil-wide) 


A Package 


APPLICATIONS CLK/ 
* DMAcontrel 1110 NC Voc F9 F8 
® State machine implementation 

®@ High speed graphics processing 

® Counters/shift registers 

® SSI/MSI random logic replacement 


® High speed memory decoder 


PIN LABEL DESCRIPTIONS 


F11—111 | Dedicated Input 
FO —F9 Macro Cell Input/Output 


I9 110 GND NC 111 FO F1 


A = Plastic Leaded Chip Carrier 


CLK/IO Clock Input/Dedicated Input 


ABT22V10-7A 0401F 


1, ®PAL is a registered trademark of Advanced Micro Devices, Inc. 
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FUNCTIONAL DESCRIPTION 

The ABT22V 10 allows the systems engineer 
to implement the design on-chip, by opening 
fuse links to configure AND and OR gates 
within the device, according to the desired 
logic function. 


Product terms with all fuses opened assume 
the logical HIGH state; product terms 
connected to both True and Complement of 
any single input assume the logical LOW 
state. 


The ABT22V10 has 12 inputs and 10 I/O 
Macro Cells (Figure 1). The Macro Cell 
allows one of four potential output 
configurations, registered output or 
combinatorial I/O, Active-HIGH or 
Active-LOW (see Figure 7). The configuration 
choice is made according to the user's design 
specification and corresponding programming 
of the configuration bits So — S;. Multiplexer 
controls are connected to ground (0) through 
a programmable fuse link, selecting the “O” 
path through the multiplexer. Programming 
the fuse disconnects the control line from 
GND and it floats to Vec (1), selecting the “1” 
path. 


The device is produced with a fuse link at 
each input to the AND gate array, and 
connections may be selectively removed by 
applying appropriate voltages to the circuit. 
Utilizing an easily-implemented programming 
algorithm, these products can be rapidly 


October 1993 


— = pro 
Hf 
ee ae it 


Fa] FS) Fé) 


Ere 


Figure 1. Functional Diagram 


programmed to any customized pattern. 
Information on approved programmers can 
be found in the Programmer Reference 
Guide. Extra test fuses are pre-programmed 
during manufacturing to ensure extremely 
high field programming yields, and provide 
extra test paths to achieve excellent 
parametric correlation. 


Metastable Immune 


Characteristics 

Philips Semiconductors uses the term 
‘metstable immune’ to describe the output 
characteristics of registered logic devices. 
This term means that the outputs will not 
gitch or display an output anomaly under any 
circumstances, including set up and hold time 
violations. This claim is easily verified by 
following 74F5074 Synchronizing Dual 
flip-flop example. The ABT22V10 device has 
been designed using the same metastable 
immune flip-flop. 


Signal gen- 
erator 


Signal 
generator 


Figure 2. Test Set-up 


By running two independent signal 
generators (see Figure 2) at nearly the same 
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frequency (in this case 10MHz clock and 
10.02MHz data) the device-under-test can be 
often be driven into a metastable state. If the 
Q output is then used to trigger a digital 
scope set to infinite persistence, the Q output 
will build a waveform. An experiment was run 
by continuously operating the devices in the 
region where metastability will occur. 


When the device-under-test is an 74F74 
(which was not designed with metastable 
immune characteristics) the waveform will 
appear as in Figure [3]. 


Figure 3 shows clearly that the Q output can 
vary in time with respect to the Q trigger 
point. This also implies that the Q or © output 
waveshapes may be distorted. This can be 
verified on an analog scope with a charge 
plate CRT. Perhaps of even greater interest 
are the dots running along the 3.5V volt line 
in the upper right hand quadrant. These show 
that the Q output did not change state even 
though the Q output glitched to at least 1.5 
volts, the trigger point of the scope. 


When the device-under-test is a metastable 
immune part, such as the 74F5074, the 
waveform will appear as in Figure 4. The 
74F5074 output will not vary with respect to 
the Q trigger point even when the a part is 
driven into a metastable state. Any tendency 
towards internal metastability is resolved by 
Philips Semiconductors patented circuitry. If a 
metastable event occurs within the flop the 
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COMPARISON OF METASTABLE IMMUNE AND NON-IMMUNE CHARACTERISTICS 


Time base = 2.00ns/div Trigger level = 1.5 Volts Trigger slope = positive_ _ 
Figure 3. 74F74 Q output triggered by Q output, Setup and Hold times violated 


Time base = 2.00ns/div Trigger level = 1.5 Volts Trigger slope = positive 


Figure 4. 74F5074 Q output triggered by Q output, Setup and Hold times violated 


only outward manifestation of the event will 
be an increased clock-to-Q/Q propagation 
delay. This propagation delay is, of course, a 
function of the metastability characteristics of 
the part defined by t and To. 


The metastability characteristics of the 
ABT22V 10-7 and related part types represent 
state-of-the-art BICMOS technology. 


After determining the To and t of the flop, 
calculating the mean time between failures 
(MTBF) is simple. Suppose a designer wants 
to use the 74F5074 for synchronizing 
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asynchronous data that is arriving at 1OMHz 
(as measured by a frequency counter), has a 
clock frequency of 50MHz, and has decided 
that he would like to sample the output of the 
74F5074 10ns after the clock edge. He 
simply plugs his number into the equation 
below: 


MTBF = el”) Tofcf; 


In this formula, fc is the frequency of the 
clock, f| is the average input event frequency, 
and t' is the time after the clock pulse that the 
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output is sampled (t’ < h, h being the normal 
propagation delay). In this situation the f, will 
be twice the data frequency of (20 MHz) 
because input events consist of both of low 
and high transitions. Multiplying f| by fe gives 
an answer of 1015 Hz?. From Figure 5 it is 
clear that the MTBF for the 74F5074 device 
is greater than 10'° seconds. Using the 
above formula the actual MTBF is 1.51 X 
101° seconds or about 480 years. The MTBF 
for the ABT22V 10-7, under the same 
condition is 5.6 trillion years. 
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MEAN TIME BETWEEN FAILURES (MTBF) VERSUS t’ 


108 408 1019 4912 4914 4015 


MTBF in seconds 


— ff f/f 
A TALL 
SELLS | 


NOTE: Vcc = 5V, Tamb = 25°C t' in nanoseconds 
i eater rotlie MTBF = exp(t'/t)/(to*Fc*Fi) 


Fj; = input event frequency 


Figure 5. MTBF versus t’ for ABT22V10-7 at t = 83ps and To = 2.2 x 10'” sec 


TYPICAL VALUES FOR t AND Tp AT VARIOUS VccS AND TEMPERATURES 


OUTPUT MACRO CELL 


Cs] &_ | ovTPuT conncunarion_ 
ce 
ee 
ee 


Unprogrammed fuse 
Programmed fuse 


Figure 6. Output Macro Cell Logic Diagram 
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b. Registered/Active-HIGH 


Registered Output Configuration 
Each Macro Cell of the ABT22V10 includes a 
D-type flip-flop for data storage and 
synchronization. The flip-flop is loaded on the 
LOW-to-HIGH transition of the clock input. In 
the registered configuration (S; = 0), the 
array feedback is from Q of the flip-flop. 
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d. Combinatorial/Active-HIGH 


Figure 7. Output Macro Cell Configurations 


Combinatorial I/O Configuration 
Any Macro Cell can be configured as 
combinatorial by selecting the multiplexer 
path that bypasses the flip-flop (S; = 1). In 
the combinatorial configuration, the feedback 
is from the pin. 
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Variable Input/Output Pin Ratio 
The ABT22V10 has twelve dedicated input 
lines, and each Macro Cell output can be an 
I/O pin. Buffers for device inputs have 
complementary outputs to provide 
user-programmable input signal polarity. 
Unused input pins should be tied to Vcc or 
GND. 
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ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS 


Allowable thermal rise 
ambient to junction SC 


Supply voltage 
Input voltage 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


OPERATING RANGES 


SYMBOL PARAMETER 


Voc Supply voltage 
Tamb 


Operating free-air temperature 


DC ELECTRICAL CHARACTERISTICS 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS! | MIN | MAX — UNIT 


Input voltage 


Vit Low Voc = MIN V 
Vin High Vec = MAX 2.0 V 


Output voltage 


Vec = MIN, VIN = Vin or Vit 
lot = 16mA 
lon = 3.2 MA 


Vou Low 


Von High 


li 
(except Pin 1) 


I, (Pin 1) 


Low 


Low 
High 


Maximum input current 


Voc = MAX 
Vin = Vic or Vin, Vout = 2.7V 
Vin = Vit or Vin, Vout = 0.4V 
Vout = 0.5V 


Output leakage? 


Output leakage? 
Short circuit@ 


NOTES: 

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

2. No more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. Voyt = 0.5V has been 
chosen to avoid test problems caused by tester ground degradation. 

3. I/O pin leakage is the worst case of Iozx or I;x (where X = H or L). 
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AC ELECTRICAL CHARACTERISTICS 


Over commercial operating range unless otherwise specified. 


TEST 
conn 
Input or feedback to non-registered output Active-LOW 


| te Setup time from input, feedback or SP to Clock 


LIMITS! 


UNIT 


tco Clock to output 


ts 
ty 
tc 
tw 
tWH 
fu 


ter | Clock toteocback® 
Tan | Asynchronous Reset epietered ouput 
tame | Asynehronous Resetwidth 
Tuan | Asynehtonous Reset recoven/ tne 
sen | Synchronous Preset recovery time 
Tin | Wishof ockow 
a 
ec _| 


N 
on 


N 


Width of Clock HIGH 
Maximum frequency; 
External feedback 1/(ts + tco)* 
Maximum frequency; 
Internal feedback 1/(ts + to¢)* 
Input to Output Enable® 

Input to Output Disable® 


Capacitance® 


NOTES: 


1. Commercial Test Conditions: R; = 300Q, Ro = 390Q (see Test Load Circuit). 

2. tpp is tested with switch S; closed and C, = 50pF (including jig capacitance). Vj = 3V, Vi_ = OV, Vz = 1.5V. 

3. Calculated from measured fy,, internal. 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where frequency 
may be affected. 

5. For 3-State output; output enable times are tested with C, = 50pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, . 5pF. High-to-High impedance tests are made to an output 
voltage of Vt = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vy = (Vo, + 0.5V) level with S; closed. 

6. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where capacitance 
may be affected. 
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TEST LOAD CIRCUIT VOLTAGE WAVEFORM 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of in- 
puts and outputs, unless otherwise specified. 


NOTE: 
Cy and Co are to bypass Voc to GND. 


Input Pulses 
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SWITCHING WAVEFORMS 


INPUT OR INPUT OR 
FEEDBACK FEEDBACK 


COMBINATORIAL 
OUTPUT 


; ; REGISTERED 
Combinatorial Output OUTPUT 


Registered Output 


Clock to Feedback (fyax Internal) 
(See Path at Right) 


ANS 
a ITTF No. ov NN 


Clock Width Input to Output Disable/Enable 


INPUT ASSERTING INPUT ASSERTING 
ASYNCHRONOUS SYNCHRONOUS VT 
RESET PRESET 

ts 


REGISTERED 
OUTPUT 


tSPR 


REGISTERED 
OUTPUT 


Asynchronous Reset Synchronous Preset 


NOTES: 

1. Vr= 1.5V. 

2. Input pulse amplitude OV to 3.0V. 
3. Input rise and fall times 2.5ns max. 
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Programmable 3-State Outputs 
Each output has a 3-State output buffer with 
3-State control. A product term controls the 
buffer, allowing enable and disable to be a 
function of any product of device inputs or 
output feedback. The combinatorial output 
provides a bidirectional I/O pin, and may be 
configured as a dedicated input if the buffer is 
always disabled. 


Programmable Output Polarity 
The polarity of each macro cell output can be 
Active-HIGH or Active-LOW, either to match 
output signal needs or to reduce product 
terms. Programmable polarity allows Boolean 
expressions to be written in their most 
compact form (true or inverted), and the 
output can still be of the desired polarity. It 
can also save “DeMorganizing” efforts. 


Selection is controlled by programmable bit 
So in the Output Macro Cell, and affects both 
registered and combinatorial outputs. 
Selection is automatic, based on the design 
specification and pin definitions. If the pin 
definition and output equation have the same 
polarity, the output is programmed to be 
Active-HIGH (So = 1). 


Preset/Reset 

For initialization, the ABT22V10 has 
additional Preset and Reset product terms. 
These terms are connected to all registered 
outputs. When the Synchronous Preset (SP) 
product term is asserted high, the output 
registers will be loaded with a HIGH on the 
next LOW-to-HIGH clock transition. When the 
Asynchronous Reset (AR) product term is 
asserted high, the output registers will be 
immediately loaded with a LOW, independent 
of the clock. 


Note that Preset and Reset control the 
flip-flop, not the output pin. The output level is 
determined by the output polarity selected. 


Metastable Immune Flip-Flops 
The D-type flip-flops have been designed 
such that the outputs will not glitch or display 
an output anomaly if the input set up or hold 
times are violated. Based on a t of < 90 ps, 
and sampling the output 8ns after the clock 


ABEL is a trademark of Data I/O Com. 
CUPL is a trademark of Logical Devices, Inc. 
PALASN is a registered trademark of AMD Com. 
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edge, the typical MTBF is 170.3 years. If the 
sample is taken 10ns after the clock the 
MTBF is 5.6 trilion years. 


Power-Up Reset 

All flip-flops power-up to a logic LOW for 
predictable system initialization. Outputs of 
the ABT22V10 will depend on the 
programmed output polarity. The Vcc rise 
must be monotonic and the reset delay time 
is 1-10ys maximum. 


Security Fuse 

After programming and verification, a 
ABT22V10 design can be secured by 
programming the security fuse link. Once 
programmed, this fuse defeats readback of 
the internal programmed pattern by a device 
programmer, securing proprietary designs 
from competitors. When the security fuse is 
programmed, the array will read as if every 
fuse is programmed. 


Quality and Testability 

The ABT22V10 offers a very high level of 
built-in quality. Extra programmable fuses 
provide a means of verifying performance of 
all AC and DC parameters. In addition, this 
verifies programmability and functionality of 
the device to provide the highest 
programming and post-programming 
functional yields. 


Low Ground Bounce 

The Philips Semiconductors BICMOS QUBiC 
process produces exceptional noise 
immunity. The typical ground bounce, with 9 
outputs simultaneously switching and the 
10th output held low, is less than 0.8V. 


Technology 

The BiCMOS ABT22V10 is fabricated with 
the Philips Semiconductors process known 
as QUBiC. QUBiC combines an advanced, 
state-of-the-art 1.0,1m (drawn feature size) 
CMOS process with an ultra fast bipolar 
process to achieve superior speed and drive 
capabilities. QUBiC incorporates three layers 
of Al/Cu interconnects for reduced chip size, 
and our proven Ti-W fuse technology ensures 
highest programming yields. 
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Programming 

The ABT22V 10-7 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors 
SNAP design software package. ABEL™ 
CUPL™ and PALASM® 90 design software 
packages also support the ABT22V10—7 
architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PROGRAMMING/SOFTWARE 


SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Support Material) of this data 
handbook for additional information. 


OUTPUT REGISTER PRELOAD 
The register on the ABT22V10 can be 
preloaded from the output pins to facilitate 
functional testing of complex state machine 
designs. This feature allows direct loading of 
arbitrary states, making it unnecessary to 
cycle through long test vector sequences to 
reach a desired state. In addition, transitions 
from illegal states can be verified by loading 
illegal states and observing proper recovery. 
The procedure for preloading follows: 

1. Raise Vcc to 5.0V + 0.25V. 


2. Set Pin 2 or 3 to Viz, to disable outputs 
and enable preload. 


3. Apply the desired value (Vj, p/Vjyp) to all 
registered output pins. Leave 
combinatorial output pins floating. 


4. Clock Pin 1 from Vip to Vip. 


5. Remove Vj p/Viyp from all registered 
output pins. 
6. Lower Pin 2 or 3 to Vip. 


7. Enable the output registers according to 
the programmed pattern. 


8. Verify Vo./Vox at all registered output 
pins. Note that the output pin signal will 
depend on the output polarity. 
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“AND” ARRAY - (I, B) 


,B 
1,B 
1B 
P,D 


STATE CODE 
active! | Oo | 


SYMBOL PARAMETER 


Super-level input voltage 
Low-level input voltage 
High-level input voltage 
ftp Delay time 


I/O valid after Pin 2 or 3 drops from Vy to Vite 


PINS 2,3 


tvO 


REGISTERED — 
OUTPUTS DATA IN ARRAS DATA OUT 


'D 


Output Register Preload Waveform 


NOTE: 
1. This is the initial state. 
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REGISTERED 
ACTIVE-LOW 
OUTPUT 


'WL 


Power-Up Reset Waveform 


SYMBOL PARAMETER 


Power-up Reset Time 
f tg | Input or Feedback Setup Time See AC Electrical 
Characteristics 


Clock Width LOW 


POWER-UP RESET parameter table are shown below. Due to the = 1. The Vcc rise must be monotonic. 
bikes angi reset feature ensures that all a ibecaaleien eaters wetace 2 inn 2. Following reset, the clock input must not 
flip-flops will be reset to LOW after the device and the wide range of ways Vcc can rise to ' 

its steady state, two conditions are required be driven from LOW to HIGH until all 
pa Lapse eter — sd - q applicable input and feedback setup times 
depend on the programmed pattern. This to ensure a valid power-up reset. These mead 


feature is valuable in simplifying state conditions are: 
machine initialization. A timing diagram and 
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POLARITY 


CONTROL WORD 
F(O 


BiCMOS versatile PAL device 
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PROGRAM TABLE (Continued) 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


y CLK/IO i 11-114 


1 11 


i Sas a8 


= Ht na roe — es amo tees — Le output ue output ry output 
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Output Macro Cell 
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DESCRIPTION The 10H20EV8/10020E V8 also features the PIN CONFIGURATIONS 


The 10H20EV8/10020EV8 is an ultra 


high-speed universal ECL PAL® device. 
Combining versatile output macrocells with a 
standard AND/OR single programmable 
array, this device is ideal in implementing a 
user’s custom logic. The use of Philips 
Semiconductors state-of-the-art bipolar oxide 
isolation process enables the 
10H20EV8/10020EV8 to achieve optimum 
speed in any design. The SNAP design 
software package from Philips 
Semiconductors simplifies design entry 
based upon Boolean or state equations. 


The 10H20EV8/10020EV8 is a two-level logic 
element comprised of 11 fixed inputs, an 
input pin that can either be used as a clock or 
12th input, 90 AND gates, and 8 Output Logic 
Macrocells. Each Output Macrocell can be 
individually configured as a dedicated input, 
dedicated output with polarity control, a 
bidirectional I/O, or as a registered output 
that has both output polarity control and 
feedback to the AND array. This gives the 
part the capability of having up to 20 inputs 
and eight outputs. 


The 10H20EV8/10020EV8 has a variable 
number of product terms that can be OR'd 
per output. Four of the outputs have 12 AND 
terms available and the other four have 8 
terms per output. This allows the designer the 
extra flexibility to implement those functions 
that he couldn't in a standard PAL device. 
Asynchronous Preset and Reset product 
terms are also included for system design 
ease. Each output has a separate output 
enable product term. Another feature added 
for the system designer is a power-up Reset 
on all registered outputs. 


ORDERING INFORMATION 


28-Pin Plastic Leaded Chip Carrier 


ability to Preload the registers to any desired 
state during testing. The Preload is not 
affected by the pattern within the device, so 
can be performed at any step in the testing 
sequence. This permits full logical verification 
even after the device has been patterned. 


FEATURES 
® Ultra high speed ECL device 
— tpp = 4.5ns (max) 
— tis = 2.6ns (max) 
- tcxo = 2.3ns (max) 
— fax = 208MHz 
® Universal ECL Programmable Array Logic 
— 8 user programmable output macrocells 
— Up to 20 inputs and 8 outputs 
— Individual user programmable output 
polarity 
® Variable product term distribution allows 
increased design capability 
®@ Asynchronous Preset and Reset capability 
@ 10KH and 100K options 


® Power-up Reset and Preload function to 
enhance state machine design and testing 


® Design support provided via SNAP and 
other CAD tools 


® Security fuse for preventing design 
duplication 


® Available in 24-Pin 300mil-wide DIP and 
28-Pin PLCC. 


DESCRIPTION ORDER CODE DRAWING NUMBER 


24-Pin Ceramic Dual In-Line (300mil-wide) Einar e 0586B 
10H20EV8—4A 
10020EV8—4A Bg01F 


@PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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F Package 


F = Ceramic DIP (300mil-wide) 


A Package 
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A = Plastic Leaded Chip Carrier 
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INPUT LINES 
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ECL programmable array logic 


1. All unprogrammed or virgin “AND” gate locations are pulled to logic “0” 


2. 
3. Pinout for F Package 


NOTES: 
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FUNCTIONAL DIAGRAM 
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FUNCTIONAL DESCRIPTION 

The 10H20EV8/10020EV8 is an ultra 
high-speed universal ECL PAL-type device. 
Combining versatile Output Macrocells with a 
standard AND/OR single programmable 
array, this device is ideal in implementing a 
user’s custom logic. 


FEEDBACK 
MUX 
S4 


Figure 1. 
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As can be seen in the Logic Diagram, the 
device is a two-level logic element with a 
programmable AND array. The 20EV8 can 
have up to 20 inputs and 8 outputs. Each 


- output has a versatile Macrocell whereby the 


output can either be configured as a 
dedicated input, a dedicated combinatorial 


output with polarity control, a bidirectional |/O, 


or as a registered output that has both output 
polarity control and feedback into the AND 
array. 


OUTPUT 
SELECT 


Output Logic Macrocell 
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The device also features 90 product terms. 
Two of the product terms can be used for a 
global asynchronous preset and/or reset. 
Eight of the product terms can be used for 
individual output enable control of each 
Macrocell. The other 80 product terms are 
distributed among the outputs. Four of the 
outputs have eight product terms, while the 
other four have 12. This arrangement allows 
the utmost in flexibility when implementing 
user patterns. 


Output Logic Macrocell 

The 10H20EV8/10020EV8 incorporates an 
extremely versatile Output Logic Macrocell 
that allows the user complete flexibility when 
configuring outputs. 


As seen in Figure 1, the 10H20EV8/ 
10020EV8 Output Logic Macrocell consists of 
an edge-triggered D-type flip-flop, an output 
select MUX, and a feedback select MUX. 
Fuses So and S, allow the user to select 
between the various cells. S; controls 
whether the output will be either registered 
with internal feedback or combinatorial I/O. 
So controls the polarity of the output (Active- 
HIGH or Active-LOW). This allows the user to 
achieve the following configurations: 
Registered Active-HIGH output, Registered 
Active-LOW output, Combinatorial Active- 
HIGH output, and Combinatorial Active-LOW 
output. With the output enable product term, 
this list can be extended by adding the 
configurations of a Combinatorial I/O with 
Polarity or another input. 
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ABSOLUTE MAXIMUM RATINGS! 


Tic [Oupusoucsewren SS SSCSCSC~C~STSC Sd 
te 


NOTE: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at 
these or any other condition above those indicated in the operational and programming specification of the device is not implied. 


DC OPERATING CONDITIONS 10H20EV8 


TEST LIMITS 
SYMBOL PARAMETER CONDITIONS 


| MIN, | Nom | MAX 
| Voc. VeonVeoe | Cireuitground | 
| Supply votiage (negative) = fT 8 


Vin High level input voltage | Tamb= 425°C | -11390 | -810 
| Tam = 475% | -1070 |_| 795 | mv 
eo 
Vit Loe 
Ld 
amb 


Low level input voltage Tamb = +25°C —1950 


‘Tam = +75°C 


Operating ambient temperature range 


NOTE: 
When operating at other than the specified Ve¢ voltage (-5.2V), the DC and AC Electrical Characteristics will vary slightly from specified values. 


DC OPERATING CONDITIONS 10020EV8 


TEST LIMITS 
SYMBOL PARAMETER CONDITIONS | NOM | MAX — UNIT 


[Wee Veon Voor | Gratgomns SS SC~dS 


Supply voltage when opetating with the 10K 
or 10KH ECL family 


) a 
amb 


Low level input voltage 


Operating ambient temperature range 


NOTE: 
When operating at other than the specified Veg voltages (-4.2V, -4.5V, -4.8V), the DC and AC Electrical Characteristics will vary slightly from 
their specified values. 
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Registered Active-HIGH 


Combinatorial Active-HIGH 


OUTPUT MACRO CELL 
CONFIGURATION 

Shown in Figure 2 are the four possible 
configurations of the output macrocell using 
fuses So and S;. As seen, the output can 
either be registered Active-HIGH/LOW with 
feedback or combinatorial Active-HIGH/LOW 
with feedback. If the registered mode is 
chosen, the feedback from the Q output to 
the AND array enables one to make state 
machines or shift registers without having to 
tie the output to one of the inputs. If a 
combinatorial output is chosen, the feedback 
gate is enabled from the pin and allows one 
to create permanent outputs, permanent 
inputs, or I/O pins through the use of the 
output enable (D) product term. 


OUTPUT ENABLE 

Each output on the 10H20EV8/10020EV8 
has its own individual product term for output 
enable. The use of the D product term 
(direction control) allows the user three 
possible configurations of the outputs. They 
are: always enabled, always disabled, and 
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Figure 2. Output Macro Cell Configurations 


controlled by a programmed pattern. A HIGH 
on the D term enables the output, while a 
LOW performs the disable function. Output 
enable control can be achieved by 
programming a pattern on the D term. 


The output enable control can also be used to 
expand a designer's possibilities once a 
combinatorial output has been chosen. If the 
D term is always HIGH, the pin becomes a 
permanent Active-HIGH/LOW output. If the 

D term is always LOW (all fuses left intact), 
the pin now becomes an extra input. 


PRESET AND RESET 

The 10H20EV8/10020EV8 also includes a 
separate product term for asynchronous 
Preset and asynchronous Reset. These lines 
are common for all registers and are asserted 
when the specific product term goes HIGH. 
Being asynchronous, they are independent of 
the clock. It should be noted that the actual 
state of the output is dependent on how the 
polarity of the particular output has been 
chosen. If the outputs are a mix of 
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10H20EV8/10020EV8 


Registered Active-LOW 


Combinatorial Active-LOW 


Active-HIGH and Active-LOW, a Preset signal 
will force the Active-HIGH outputs HIGH 
while the Active-LOW outputs would go LOW, 
even though the Q output of all flip-flops 
would go HIGH. A Reset signal would force 
the opposite conditions. 


PRELOAD 

To simplify testing, the 1OH20EV8/10020EV8 
has also included PRELOAD circuitry. This 
allows a user to load any particular data 
desired into the registers regardless of the 
programmed pattern. This means that the 
PRELOAD can be done on a blank part and 
after that same part has been programmed to 
facilitate any post-fuse testing desired. 


It can also be used by a designer to help 
debug a circuit. This could be important if a 
state machine was implemented in the 
10H20EV8/ 10020EV8. The PRELOAD 
would allow the entry of any state in the 
sequence desired and start clocking from that 
particular point. Any or all transitions could be 
verified. 
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DC ELECTRICAL CHARACTERISTICS 10H20EV8 
O°C < Tamb S$ +75°C, Veg =-5.2V + 5%, Voc = Veo: = Veo2 = GND 


High level output voltage Vin = Vin MIN or Vy. MAX 


Low level output voltage Vin = Vin MIN or Vy, MAX 
lie 


High level input current Vin = Vi MAX 0°C 
+75°C 
Low level input current Vin = Vi. MIN 0°C 
Except I/O Pins +75°C 0.3 pA 
—lee Supply current Vee = MAX 
All inputs = Vj, MAX 


DC ELECTRICAL CHARACTERISTICS 10020EV8 
0°C < Tamb S$ +85°C, —4.8V < Vege < -4.2V, Veco = Veo1 = Veo2 = GND 


SYMBOL PARAMETER! TEST CONDITIONS? 
L 


Vee =—4.2V | -1020 Le 
High level output voltage Vin = Vin MAX or Vi. MIN) | Veg =-4.5V | —1025 —880 


0 ed 


Outputs 
Loaded 
with 50Q 
to —2.0V 
+0.010V 


Apply Vinmin Or Vitmax to 


one input at a time, other 


High level output threshold voltage 


inuts at Viumax Or VitmiN. 


Apply Vinmin Or Vitmax to 


Veg =—4.5V 


io av 
[sto | 
Cav 


Inuts at ViHMAX or VILMIN. VEE =—4.5V | -—1810 —1705 —1620 mV 


Vo 
Vee =—4.8V | -1830 a 
High level input current One input under test at Viyywax. Other inputs at Vy yin. rg 


Low level output threshold voltage one input at a time, other 


Vee =—-4.2¥ 


inuts at Vinmax Or Vi_MIN. 


Low level output voltage 


Low level input current One input under test at Vj yin. Other inputs at Viuwax 0.5 
Veg supply current All inputs at Viumax- 


NOTES: 

1. All voltage measurements are referenced to the ground terminal. 

2. Each ECL 10KH/100K series device has been designed to meet the DC specification after thermal equilibrium has been established. 
Thermal equilibrium is established by applying power for at least 2 minutes, while maintaining transverse airflow of 2.5 meters/sec (500 linear 
feet/min.) over the device, mounted either in a test socket or on a printed circuit board. Test voltage values are given in the DC operating 
conditions table. Conditions for testing shown in the tables are not necessarily worst case. For worst case testing guidelines, refer to 
DC Testing, Chapter 1, Section 3, of the Philips Semiconductors 10/100K ECL Data Handbook. 

3. Terminals not specifically referenced can be left electrically open. Open inputs assume a logic LOW state. Any unused pins can be 
terminated to —2V. If tied to Veg, it must be through a resistor > 10K. It is recommended that pins that have been programmed as RESET, 
PRESET, or CLOCK inputs not be left open due to the possibility of false triggering from internally and externally generated switching 
transients. 

4. The specified limits represent the worst case values for the parameter. Since these worst case values normally occur at the supply voltage 
and temperature extremes, additional noise immunity can be achieved by decreasing the allowable operating condition ranges. 
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AC ELECTRICAL CHARACTERISTICS (for Ceramic Dual In-Line Package) 
1OH20EV8: 0°C Ss Tamb S$ +75°C, Veg = -—5.2V + 5%, Veco = Veo = Veo2 = GND 
10020EV8: 0°C < Tam < +85°C, -4.8V < Vee < -4.2V, Voc = Veo: = Vco2 = GND 


ane [rv [wae [ne [ve® [wae [wn [1ve* [ware 
Cpuewah SSS 


Clock High CLK + CLK — 

Clock Low CLK — CLK + 

Clock Period CLK + CLK + 

Preset/Reset Pulse | (I, 1/O)+ | (I, /O)+ 
Setup and Hold Time 

Input (I, /O)+ CLK + 


Input CLK + (I, VO) + 


Clock Resume after | (I, I/O) + CLK + 
Preset/Reset 


Input (I, /O) + 

Clock CLK + 

Output Enable (I, I/O) + 

Output Disable (I, /O) + 

Preset/Reset (I, /O)+ 

Power-on Reset VeE /O —- 10 — 10 — 10 
Ti | *+| «iY ~——i*i ae far | fe fos | fe fe] 
heer to AC Test Circuit and Voltage Wafeforms diagrams. 


2. Maximum loading conditions: 89 fuses intact per row. 
3. Typical loading conditions: 15 fuses intact per row. (All “inactive” fuses, except those necessary for correct functionality, are removed.) 
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AC ELECTRICAL CHARACTERISTICS (for Plastic Leaded Chip Carrier) 
1OH20EV8: 0°C < Tamb S$ +75°C, Veg = -5.2V + 5%, Veco = Veo1 = Veo2 = GND 
10020EV8: O°C < Tamb < +85°C, —4.8V < Vee < -4.2V, Voc = Voo1 = Vco2 = GND 


Poa [ves wae | wi [rv [wane [we | 108 [wae 
PruewahOOSOSOSCSCSCSCSCSCSCSCSCNCSS 


eLK~ 
CLK + 
CLK + 
(I, VO) + 


CLK + 
CLK — 
CLK + 
(I, VO) + 


Clock High 
Clock Low 
Clock Period 


Preset/Reset Pulse 


Setup and Hoid Time 
Input (I, /O)+ 
Input CLK + (I, VO) + 


Clock Resume after | (I, 1/O)+ 
Preset/Reset 


Input 
Clock 
Output Enable 


Output Disable 


Preset/Reset 


Power-on Reset 


NOTES: 

1. Refer to AC Test Circuit and Voltage Wafeforms diagrams. 

2. Maximum loading conditions: 89 fuses intact per row. 

3. Typical loading conditions: 15 fuses intact per row. (All “inactive” fuses, except those necessary for correct functionality, are removed.) 
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AC TEST CIRCUIT 


+2.0V + 0.010V 


Vcc Vco2 


PULSE . 
GENERATOR x 


25uF T 


-2.5V + 0.010V FOR 10020EV8 
-3.2V + 0.010V FOR 10H20EV8 


NOTES: 

1. Use decoupling capacitors of 0.1p.F and 25yF from GND to Vcc, and 0.01pF and 25yuF from GND to Veg (0.01 and 0.1pF capacitors 
should be NPO Ceramic or MLC type). Decoupling capacitors should be placed as close as physically possible to the DUT and lead 
length should be kept to less than '/, inch (6mm). 

2. All unused inputs should be connected to either HIGH or LOW state consistent with the LOGIC function required. 

. All unused outputs are loaded with 50Q to GND. 
. Ly and Lz are equal length 50Q impedance lines. L3, the distance from the DUT pin to the junction of the cable from the Pulse 
Generator and the cable to the Scope, should not exceed '/4 inch (6mm). 
. Rt = 50Q terminator internal to Scope. 
. The unmatched wire stub between coaxial cable and pins under test must be less than '/4 inch (6mm) long for proper test. 
. C, = Fixture and stray capacitance < 3pF. 
. Any unterminated stubs connected anywhere along the transmission line between the Pulse Generator and the DUT or between the 
DUT and the Scope should not exceed '/, inch (6mm) in length (refer to section on AC setup procedure). 
9. All 50Q resistors should have tolerance of + 1% or better. 
10. Test procedures are shown for only one input or set of input conditions. Other inputs are tested in the same manner. 
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VOLTAGE WAVEFORMS 


+1110mV (10H20EV8) 
+1050mV (10020EV8) 


NEGATIVE 
PULSE 


+310mV 


+1110mV (10H20EV8) 
+1050mV (10020EV8) 


POSITIVE 
PULSE 


INPUT PULSE REQUIREMENTS 
Voc = Voo1 = Voo2 = +2.0V +0.010V, Veg = -3.2V + 0.010V, V7 = GND (OV) 


AMPLITUDE | REP RATE | PULSE WIDTH tTLH tTHL 


INPUT PULSE REQUIREMENTS 
Voc = Yoo = Voo2 = +2-0V 40.010V, Veg = -2.5V + 0.010V, V7 = GND (OV) 


FAMILY | AMPLITUDE | REP RATE | PULSE WIDTH ‘TLH 
tookect | 740rVpp | wiz | soons | 0720.1ns | 0720.10 _ 


Input Pulse Definition 
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TIMING DIAGRAMS 


(INPUT) 
. 4H 


: 4s 


7 'CKH oe 'CKL 


t 
‘CKO , 


CK 

Me) 

(REGISTERED 50% 
OUTPUT) 


1/0 
(COMBINATORIAL 
OUTPUT) 


Flip-Flop and Gate Outputs 


VEE = 4.94 10H20EV8 
VEE =-4.2 10020EV8 


REGISTERED 
ACTIVE-LOW 
OUTPUT 


1, V0 
(INPUT) 


Power-On Reset 
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TIMING DIAGRAMS (Continued) 


1, VO 
(INPUT) 


Me) 
(OUTPUT) 


Output Enable/Disable 


ASYNCHRONOUS 
PRESET/RESET 


vO 
(OUTPUT) 


Asynchronous Preset/Reset 
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REGISTER PRELOAD 

The 10H20EV8/10020EV8 has included 
circuitry that allows a user to load data into 
the output registers. Register PRELOAD can 
be done at any time and is not dependent on 
any particular pattern programmed into the 
device. This simplifies the ability to fully verify 
logic states and sequences even after the 
device has been patterned. 


The pin levels and sequence necessary to 
perform the register PRELOAD are shown 
below. 


OUTPUTS 


DISABLE OUTPUTS APPLY EXTERNAL DATA PRELOADED REMOVE EXTERNAL 


ENABLE PRELOAD INPUTS TO BE AND PRELOAD INPUTS 
PRELOADED DISABLED 


rwot | onmueren RTT P| 
eee 
dim in oe voltage 


NOTE: 
1. Unused inputs should be handled as follows: 
— Setat Vy, or Vi, 
— Terminated to -2V 
— Tied to Veg through a resistor > 10K 
— Open 
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LOGIC PROGRAMMING All packages allow Boolean and state program table entry format is supported by 
The 10H20EV8/10020E V8 is fully supported equation entry formats. SNAP, ABEL and SNAP only. 
by industry standard (JEDEC compatible) Sa Sis Bee pty Be hapul, Seamriais To implement the desired logic functions, the 
PLD CAD tools, including Philips copiye format. state of each logic variable from logic 
Semiconductors SNAP design software 10H20EV8/10020E V8 logic designs canalso —_ equations (I, F, Q, etc.) is assigned a symbol. 
package. ABEL™ and CUPL™ design be generated using the program table entry The symbols for TRUE, COMPLEMENT, 
software packages also support the format detailed on the following page. This INACTIVE, PRESET, etc., are defined below. 
10H20EV8/10020EV8. 


“AND” ARRAY - (I), (F), (Qp) 


P, D, AP, AR P, D, AP, AR 


[inacrves? | 0 [pontcane | - | 


NOTES: 
1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
2. Any gate (P, D, AP, AR) will be unconditionally inhibited if any one of the |, F or Q link pairs is left intact. 


OUTPUT MACROCELL CONFIGURATIONS 


OUTPUT MACROCELL CONFIGURATION on ae POLARITY FUSE 
H 


1. This is the initial (unprogrammed) state of the device. 


PROGRAMMING AND 
SOFTWARE SUPPORT 


Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 
Software Support) of the 1992 PLD Data 
Handbook for additional information. 


ABEL is a trademark of Data I/O Corp. 
CUPL is a trademark of Logical Devices, Inc. 
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PROGRAM TABLE 


POLARITY 


CONTROL WORD 


ei<<ictaieiel\\\A\\AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
\AAAAAAAAAAAAAA \elsicisisisi<’icietietal \\AAAAAAAAAAAAAAANAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
SARA RRR SEK ESE AA AARNE EERERERREBESEES SRA 


AAAAANASAMSARAASAASAMAASAASASIARAASAAAAASAAARIANAASAAAAA AAAs 


ARRAN ARARAAAIAIAAAIRAA AA AKARAAA ATARI 
~AAAWAAAAAAAAAAAAAAAAAAAAAAAAAA Neisicisis'<ici<teiaiatetal \VAAAAAAAAAAAAAAAAAAAAAAAANAAAAAAAAAAAAAN 
NAAANAN elsiei<i<f<}<je<)\\\AAAAAAANAAAANAAAAAANAAAANANAANAAAAAANAAAAA ANAAAAAAANAAAANAAAKAANAA 
na i 
TTT 
ETT 


SSG a 


Aone 


F(l) 


HOA TOOAFCOREEGOAAEOOAA GOAT EGGAOOGRTCOGATOGRIOGOAAGOITOORITCGGITOOGHITGONAICOGID 
LLL EE Roane EET 


ERI Er ectedH EEE eH 


is ae es ee SN HC 
E08 EN EEE 21] 20] 18/17] 8 17 |5 | 4 | 


AIWVN 
ATEVINVA 
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SNAP 


Features 

® Schematic entry using DASH™ 4.0 or 
above or OrCAD™ SDT Ill 

® State Equation Entry 

® Boolean Equation Entry 

@ Allows design entry in any combination of 
above formats 


® Simulator 
— Logic and fault simulation 
—- Timing model generation for device 
timing simulation 
— Synthetic logic analyzer format 


® Macro library for standard TTL and user 
defined functions 


® Device independent netlist generation 


October 22, 1993 


@ JEDEC fuse map generated from netlist 


SNAP (Synthesis, Netlist, Analysis and 
Program) is a versatile development tool that 
speeds the design and testing of PML. SNAP 
combines a user-friendly environment and 
powerful modules that make designing with 
PML simple. The SNAP environment gives 
the user the freedom to design independent 
of the device architecture. 


The flexibility in the variations of design entry 
methodologies allows design entry in the 
most appropriate terms. SNAP merges the 
inputs, regardless of the type, into a high- 
level netlist for simulation or compilation into 
a JEDEC fuse map. The JEDEC fuse map 
can then be transferred from the host 
computer to the device programer. 
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SNAP's simulator uses a synthetic logic 
analyzer format to display and set the nodes 
of the design. The SNAP simulator provides 
complete timing information, setup and 
hold-time checking, plus toggle and fault 
grading analysis. 


SNAP operates on an IBM® PC/XT, PC/AT, 
PS/2, or any compatible system with DOS 
2.1 or higher. A minimum of 640K bytes of 
RAM is required together with a hard disk. 


DESIGN SECURITY 

The 10H20EV8/10020EV8 has a 
programmable security fuse that controls the 
access to the data programmed in the device. 
By using this programmable feature, 
proprietary designs implemented in the 
device cannot be copied or retrieved. 


Philips Semiconductors Programmable Logic Devices Product specification 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


11 


Vv, 
oNINEVS: id »DINEV8: 


PROGRAMMABLE AND ARRAY 
(90 x 40) 


SCLK: MACROCELL MACROCELL aFs: ba a Fs ani MACROCELL MA 


RESET] oe Bal OUTPUT at OUTPUT me: OUTPUT +} OUTPUT OUTPUT ae! OUTPUT aa OUTPUT 
LOGIC PrP LOGIC LOGIC LOGIC Ic OGIC P 
eae’ Ett, ER [cla Bee haul 


OUTEVS:: Vi SOUTEVS: O yuri “OUTEV8: O -OUTEVS: 


OUTPUT 
-OLMREG SELECT 


FEEDBACK 
MUX 
= 


Output Logic Macrocell 
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PHD48N22-7 


DESCRIPTION 

The PHD48N22-7 is an ultra fast 
Programmable High-speed Decoder featuring 
a 7.5ns maximum propagation delay. The 
architecture has been optimized using Philips 
Semiconductors state-of-the-art bipolar oxide 
isolation process coupled with 
titanium-tungsten fuses to achieve superior 
speed in any design. 


The PHD48N22-7 is a two level logic 
element comprised of 36 fixed inputs, 

73 AND gates, 10 outputs, and 12 
bidirectional I/Os. This gives the device the 
ability to have as many as 48 inputs. 
Individual 3-State control of all outputs is also 
provided. 


The device is field-programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 
Proprietary designs can be protected by 
programming the security fuse. 


The SLICE and SNAP software packages 
from Philips Components—Philips 
Semiconductors support easy design entry 
for the PHD48N22-7 as well as other PLD 
devices. 


Order codes are listed below. 


ORDERING INFORMATION 
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DESCRIPTION 
68-Pin Plastic Leaded Chip Carrier PHD48N22-7A 0398E 


FEATURES 
® |deal for high speed system decoding 


® Super high speed at 7.5ns tpp 
® 36 dedicated inputs 


® 22 outputs 
— 12 bidirectional I/O 
— 10 dedicated outputs 


® Security fuse to prevent duplication of 
proprietary designs. 


® Individual 3-State control of all outputs 


© Field-programmable on industry standard 
programmers 


® Available in 68-Pin Plastic Leaded Chip 
Carrier (PLCC) 


APPLICATIONS 


® High speed memory decoders 
® High speed code detectors 

@ Random logic 

® Peripheral selectors 


® Machine state decoders 
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ORDER CODE 


PIN CONFIGURATION 
A Package 


A = Plastic Leaded Chip Carrier 


a 
5 


Function Function 
10 129 

130 

131 


Vcoc4 
132 
133 
134 
135 
Bo 
Bi 
B2 
B3 
B4 
GND6 
GND2 


[> a a ee ee a 7 
SOO ON OMNF WON HH OHO OAN DA FWND — 


mM NM 
nyo — 


SBR eEERRARRRYN 
ONO HOON DON FW 


DRAWING NUMBER 
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Programmable connections 
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(22 - 0) SWH3L LONGOYd 


1. All unprogrammed or virgin “AND” gate locations are pulled to logic “O" 


NOTES: 
2.28 


LOGIC DIAGRAM 
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FUNCTIONAL DIAGRAM 


\/ 
A 


|_| Oo-09 


{1 oro 


|_| OR1-OR3 


THERMAL RATINGS 


TEMPERATURE 


Allowable thermal rise ; 
ambient to junction 75°C 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 


OPERATING RANGES 


RATINGS 
SYMBOL PARAMETER UNIT 
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Programmable high-speed decoder logic Z 
(48 x 73 x 22) PHD48N22-7 


DC ELECTRICAL CHARACTERISTICS 
0°C < Tam < +75°C, 4.75 < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 


Input voltage 


Vi Low Voc = MIN 0.8 V 
Vin High Voc = MAX : V 
Vic Clamp Voc = MIN, lin =—18mMA : -1.5 V 


Output voltage 


Voc = MIN, Vin = Vin or Vit 
VoL Low lo, = +24mA 
ia] OS 
Voc = MAX 
a Low Vin = +0.40V 250 yA 
tis High Vin = +2.7V 25 pA 
I High Vin = Voc = Veco Max 100 pA 


Output current 


Voc = MAX 
lozH Output leakage ? Vout = +2.7V 100 pA 
_ Output leakage ° Vout = +0.40V —100 pA 

Short circuit 4 Vout = +0V 90 mA 


a 


Capacitance® 


Voc = +5V 
VIN = 2.0V @f = 1MHz 


Vout = 2.0V @ f = 1MHz 


1. Typical limits are at Voc = 5.0V and Tamb = +25°C. 

2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. Leakage current for bidirectional pins is the worst case of I), and Iz, or |i4 and Ioz,. 

4. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. 
5. These parameters are not 100% tested, but are periodically sampled. 
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(48 x73 x 22) PHD48N22-7 


AC ELECTRICAL CHARACTERISTICS 
O°C < Tamb < +75°C, 4.75 < Voc < 5.25V, R; = 200, Ro = 3902 
Operating temerature at 200 CFM Minimum air flow. 


TEST a 
SYMBOL PARAMETER CONDITIONS UNIT 
Propagation delay 
os 
Propagation delay _ 


a Output Enable (l,B,OR)+ | Output enable C= | =50pF 
| too? «| Output Disable (|,B,OR)+ | Output disable C. = 5pF a 


ine hea 
tpp1, 2 are tested with switch S, closed and C, = 50pF. 

i For 3-State output; output enable times are tested with C, = 50pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, . 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vy = (Vo, + 0.5V) level with S; closed. 


VIRGIN STATE TIMING DEFINITIONS 

A factory shipped virgin device contains all | PARAMETER 

fusible links intact, such that: SiMEOr ita lai 

1. All outputs are disabled. Input to output propagation 
delay (through B/O outputs). 

2. All p-terms are disabled in the AND array. 


Input to output propagation 
delay (through OR outputs). 


Input to Output Disable 
(3-State) delay (Output 
Disable). 


toe Input to Output Enable delay 
(Output Enable). 
ROX 3.0V 
oe GX =X XE 


tpp1, 2 
XX 


ore ORR (pp a” 
OY TTA 


KK 7 


TIMING DIAGRAM 


WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 


sree LL Be boric: guteen, 
STEADY STEADY 
PERMITTED UNKNOWN 


CENTER 
DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

“OFF” STATE 
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PROPAGATION DELAY - ns 


0 1 2 3 4 5 6 7 8 9 0 1% #12 13:14 #15 16 
NOTE: o =OR Outputs TEST CONDITIONS: Tamb = 75°C; 
e =B/0 Outputs Voc = 4.75V; CL = 50pF; 
Ry = 2009; Ro = 3902 


N 
N 


Worst-Case Propagation Delay vs. Number of Outputs Switching 


AC TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 


+3.0V ———— 


am - 7 _ 


2.5ns 2.5ns 


+3.0V 
90% 


w——— 


—__ 


2.5ns 2.5ns 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 


NOTE: inputs and outputs, unless otherwise specified. 


Cy and Co are to bypass Vcc to GND. 


Input Pulses 
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Programmable high-speed decoder logic = 
(48 x 73 x 22) PHD48N22-—7 


LOGIC PROGRAMMING PHD48N22-7 logic designs can also be PROGRAMMING/SOFTWARE 

The PHD48N22-7 is fully supported by generated using the program table entry SUPPORT 

industry standard (JEDEC compatible) PLD format, which is detailed on the following Refer to Section 9 (Development Software) 
CAD tools, including Philips Semiconductors Pages. This program table entry format is and Section 10 (Third-Party Programmer/ 
SNAP design software package. ABEL™ and — Supported by SNAP only. Software Support) of this data handbook for 
CUPL™ 90 design software packages also To implement the desired logic functions, additional information. 

support the architecture. each logic variable (I, B, P and D) from the 

All packages allow Boolean and state logic equations is assigned a symbol. TRUE 

equation entry formats. SNAP, ABEL and (High), COMPLEMENT (Low), DON'T CARE 

CUPL also accept, as input, schematic and INACTIVE symbols are defined below. 


capture format. 


“AND” ARRAY - (I, B) 


1,B 1,B 
1,B 1,B , 
IB IB 
P,D P, D P,D 


[—wacrver | 0 [pont cane | - | 


NOTE: 
1. This is the initial state. 


ABEL is a trademark of Data I/O Corp. 
CUPL is a trademark of Logical Devices, Inc. 
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PROGRAM TABLE 


tit TTT TTT TT 


iT TTT TTT TT TTT TTT TT TT ET ET 
PETTITT TTT TTT TTT TT TT TE EE ET 
FETT TT TTT TTT TTT TT TT TTT ET TTT TET ETT eT TTT 
PETTITT TTT TTT TTT TE TTT 
PETTITT 
PETTITT TT TTT TTT TT TT TT TT TE TE TE EE TTT 
PPT 
aT TTT TTT TT TTT TTT ET ET ET EE TT EET EET TT 
aT TTT TTT TT TT TTT TTT TTT TT Ee TT Ee EE ET ET TE TT TT 
MTT TTT TT TT TT TTT TT TTT ETT ETT TT 
aT TT TTT 
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PROGRAM TABLE (Continued) 


leNNAAAAAAAAAAAAAAANAANAAN Nel <]<[<]<]<[<]<[</< 
-INNAAAAAAAAAAAANNe!l<</<!</<1<[</\AAAAAAANN 
leINNAANNNNetl</<[<]</<1<]<]\\VAAAAAAAAAAAAAAAN 
lal <|<l<]<1<1</<] \\AAAAAAAAAAAAAAAAAAAAAAAA 


leINNAAAAAAAAAAAAARAAAAAANAAAAAAAAAAAN 
lPINNAAAAAAAAAAAAAAANAAAAAAAAANAAAAAAAN 


<l<1<| AAAAAAAAAAANAAAAANANAAANAAAAAAAAAAAAAN 
AAAAAAAAANAAAAAAAAAAAAANAAANAAAAAAAAAAAAAN 
AANAAAAAAAAAAAAAAAAAAANAAANAAAAAAAANAAAAN 
AAAAAAAAAAANAANAANAAAAAAAAAAAAAAAAAAAAANA 
AAIAAAAAAAAANAAAAAAAAAAAAAAAAAAAAAAN Ne! <} 


-NNAAAAAAAAANAAAAAAAAAAAAAAAAANAAAAAAAAAANAAAANAAAANAAAAAAAAAAANAAAAAAN ele Ns} 


ANAAAANAAAAAAAAAAAAANAAANAANAAAAAANN2!< AAA 


NAAAAAAAAAAAAAAAAAAAAANAAAAANAAAAAAA 


oO 


a 
wo 


RAR RADAR REAR RS 
AAAAAAAAANAAAAAAAAAAAAAAAAAAN ele AAAAAAAA 


leIAAAAAAAAANAAAAAAAAAAAANAAAAAANAAAAAAAAAAAAAAANAAAANAAAAAAAAAAA 2] AAAANAAAAANS | 
leINNAAAAAAAAAANAAAAAAAAANAAAAAAAAAAAANAAAANAAAAAANAAANAAAAANAAAA Me! <|NAAAAAAAANAN S| 
EAAAAAAAAAAAAAARAAAAAAAANAARAAAAAAAAANAAANAAAAANAAAANAAAAAAANN le ANAAAANANAAAAAAS! 
lPINAAAAAAAAAAANAAAAAAAAAANAAANAAAAAAAAAAANAAAAAAANAAAAAAAAA e!<] WAAAY AAAAAANNB} 
-INVAAANAAANAAAAAAAAAAAAAAAAAAAAAAAAANAAAAAAAAAAANAANAAA Ne! <]AAAAAAAAAAAAAAANNNS| 
ESINAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAANAAAAAAAANAAAN Ne! AAAAAAAAAAAAAANAAAAAN | 
leINAAAAAAAAAAAAAAAAAAAANAAAAANAAAAAAAAAANAAAAANAAAAN le ANANAAAAAANAAAAAAAAAAANS | 
INNAAANAANAAAAAAAAAAAANAAAAAAAAAAAAAAAAAAAAAAAAN Ne! = AAAAAAAAAAAAAAAAAAAAAANN2| 
leAAAAAAAAAAAAAAAAAAAAAAAAANNAANAAAAAAANAAAAAAAN ele AAAAANAAAAANAAAAAAAAAAAANANN SD 
leINVAAAAAAAAANAAAAAAAAAAANAAAAAAAAAAAAAAAAAAAN Ne! AAAAAAAAAAAAAAANAAAAANAAAARAA > 
ININNAAAAAAAAAAAAAAAAAAAAAAANAAAAARAAANAAAANN ele AAAAAAAAAAAAAAAAAANAAAAAAAAANN [| 
leINANAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAN 2] AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA [| 
le NAAAAAAAAARAAAAANAAAANAAANAAANAANAAAA ee NAAAAAAAKAAAAAAAAAAAAAAAAAAANAAAAA ef] 


proves | lolele)olelelelolelelaletelelei=lelelalalsalelelelsalelslalala|alaislaalals|s|s[2|s|2)¢[5\s]9/9/a]a]a\a/s/a]ala/e|siale/alsielslalelalelclela] sith, 
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Programmable high-speed decoder logic = 
(48 x 73 x 22) PHD48N22-7 


TYPICAL SYSTEM APPLICATION 


OPTIONAL 


me CLOCK 


| 
| 
GENERATOR | 
| 
| 


CACHE 


PHD48N22 | 
| CONTROL 
meer ae ay 
ut | 


= 
ADDRESS 
DRAM 
i: CONTROL 
Lill 


VO INTERFACE MULTIBUS I/O 


LOCAL 
ADVANCED 
D 


BUS 
CONTROL 


FLOPPY 
DISK 
CONTROL 


EXTERNAL 
INTERRUPTS a 


FLOPPY FIXED DISK 


GRAPHICS 
COPROCESSOR 


INTERRUPT 
CONTROLLER 
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Programmable logic arrays 


(18 x 42 x 10) 


Product specification 


PLS153/A 


DESCRIPTION 

The PLS153 and PLS153A are two-level 
logic elements, consisting of 42 AND gates 
and 10 OR gates with fusible link connections 
for programming I/O polarity and direction. 


All AND gates are linked to 8 inputs (I) and 
10 bidirectional I/O lines (B). These yield 
variable I/O gate configurations via 10 
direction control gates (D), ranging from 18 
inputs to 10 outputs. 


On-chip T/C buffers couple either True (I, B) 
or Complement (I, B) input polarities to all 

AND gates, whose outputs can be optionally 
linked to all OR gates. Their output polarity, in 
turn, is individually programmable through a 
set of EX-OR gates for implementing 
AND/OR or AND/NOR logic functions. 


The PLS153 and PLS153A are 
field-programmable, enabling the user to 
quickly generate custom patterns using 
standard programming equipment. 


ORDERING INFORMATION 


October 22, 1993 


DESCRIPTION ORDER CODE DRAWING NUMBER 
20-Pin Plastic Dual In-Line, 300mil-wide PLS153N, 0408B 
PLS153AN 
20-Pin Plastic Leaded Chip Carrier PLS153A, 0400E 
PLS153AA 


FEATURES 
@ Field-Programmable (Ni-Cr links) 


© 8 inputs 

@ 42 AND gates 

® 10 OR gates 

® 10 bidirectional I/O lines 

® Active-High or -Low outputs 


® 42 product terms: 
— 32 logic terms 
— 10 control terms 


@ |/O propagation delay: 
— PLS153: 40ns (max) 
— PLS153A: 30ns (max) 


® Input loading: -100LLA (max) 

® Power dissipation: 650mW (typ) 
@ 3-State outputs 

® TTL compatible 


APPLICATIONS 


@ Random logic 

® Code converters 

® Fault detectors 

® Function generators 
@ Address mapping 

® Multiplexing 
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PIN CONFIGURATIONS 


N Package 


N = Plastic DIP (300mil-wide) 


A Package 


Bo GND B;, Bo B3 


A = Plastic Leaded Chip Carrier 


LOGIC FUNCTION 


TYPICAL PRODUCT TERM: 
Pa=A°B*C:D-... 
TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY = H 
Z=P0+P1+P2... 


AT OUTPUT POLARITY =L 
Z=PO0+P1+P2 +... 


Z=P0- Pi: P2-... 


NOTES: 

1. For each of the 10 outputs, either function Z 
(Active-High) or Z (Active-Low) is available, but not 
both. The desired output polarity is programmed via 
the Ex-OR gates. 

2. Z, A,B,C, etc. are user defined connections to fixed 
inputs (1) and bidirectional pins (B). 


853-0311 11164 
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PLS153/A 


Programmable logic arrays 


(18 x 42 x 10) 


LOGIC DIAGRAM 


(CONTROL TERMS) —#il 


gee 


a (LOGIC TERMS-P) ————"—""——_8 


= ee 
CUE ee ea Sel | Tt TT 


PUPPET Ppp PPT e tT TT 
PORE CEES EAA CEA ee ee Sel tT 


mime 


2, 


\/ 4 
| 
2 


NOTES: 


Programmable connection. 


2. All programmed ‘OR’ gate locations are pulled to logic “0”. 


1. All programmed ‘AND’ gate locations are pulled to logic "1". 
3. 55 
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Programmable logic arrays 
(18 x 42 x 10) pESleoin 


FUNCTIONAL DIAGRAM 


ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS 
TEMPERATURE 


The PLS153/A devices are also processed to 

military requirements for operation over the 

military temperature range. For specifications 

and ordering information consult the Philips 
Semiconductors Military Data Handbook. 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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Programmable logic arrays 153/A 
(18 x 42 x 10) ets 


DC ELECTRICAL CHARACTERISTICS 
O°C < Tamb $ +75°C, 4.75V < Voc $ 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | MIN. | TYP? | MAX | UNIT 


Input voltage? 


Voc = MIN 
Voc = MAX 
Voc = MIN, lin =-12mA 


Output voltage? 


Voc = MIN 
Vo Low* lot = 15mA 
Vou High® lon =—2mA 


Input current? 


lit Low 
Li High 


Output current 


Voc = MAX 

lo(OFF) Hi-Z state® Vout = 5.5V 
Vour = 0.45V 140 

Short circuit?: 5 © Vout = OV 


ee 


Capacitance 
8 pF 
15 pF 


Cin Input 
Gs ie) 


NOTES: 

All typical values are at Voc = 5V, Tanb = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one ata time. 

Measured with +10V applied to lz. 

Measured with +10V applied to I9_7. Output sink current is supplied through a resistor to Vcc. 
Duration of short circuit should not exceed 1 second. 

Icc is measured with lo, 1; at OV, lo — lz and Bog at 4.5V. 

Leakage values are a combination of input and output leakage. 

li, and lj limits are for dedicated inputs only (Ig — 17). 


2 ON OF Oi & 6 fo = 
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Programmable logic arrays 


(18 x 42 x 10) PLS153/A 


AC ELECTRICAL CHARACTERISTICS 


O°C < Tam $ +75°C, 4.75V < Voc < 5.25V, R; = 300Q, Ro = 3902 
PLS153 PLS153A UNIT 


SYMBOL PARAMETER TO 
conormion | win | vP" [WAX | wn [T¥P" [WAX 
pas 


ee [Prepeasionaney | woot | ommns | car | [oto] ||» |= 
oe Jouprenate® [opts | ommn[ ci-acor | [= [as | | |» | m 
NOTES: 


1. All typical values are at Voc = 5V, Tamb = +25°C. 

2. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C. = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vr = (Vo, + 0.5V) level with S; closed. 

3. All propagation delays are measured and specified under worst case conditions. 


LIMITS 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


+3.0V —— — — 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. NOTE 


C1 and Co are to bypass Vcc to GND. 


Input Pulses 


TIMING DEFINITIONS TIMING DIAGRAM 


SYMBOL PARAMETER 


Propagation delay between 
input and output. 


Delay between input change 
and when output is off (Hi-Z 
or High). 


Delay between input change 
and when output reflects 
specified output level. 
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(18 x 42 x 10) Piso tlath 


LOGIC PROGRAMMING PLS153/A logic designs can also be COMPLEMENT, INACTIVE, PRESET, etc., 
The PLS153/A is fully supported by industry generated using the program table entry are defined below. 

standard (JEDEC compatible) PLD CAD format detailed on the following page. This 

tools, including Philips Semiconductors program table entry format is supported by 

SNAP, Data I/O's ABEL™ and Logical the Philips Semiconductors SNAP PLD PROGRAMMING/SOFTWARE 
Devices, Inc. CUPL™ design software design software package. SUPPORT 

packages. To implement the desired logic functions, the Refer to Section 9 (Development Software) 
All packages allow Boolean and state state of each logic variable from logic and Section 10 (Third-Party Programmer/ 
equation entry formats. SNAP, ABEL and equations (I, B, O, P, etc.) is assigned a Software Support) of this data handbook for 
CUPL also accept, as input, schematic symbol. The symbols for TRUE, additional information 


capture format. 


OUTPUT POLARITY — (B 


ACTIVE LEVEL CODE ACTIVE LEVEL CODE 
HIGH! LOW L 
NONINVERTING (INVERTING) 


AND ARRAY - (I, B) 


,B ,B 
,B : ,B 
1B 1B 
P,D P,D 


[iwactves? [0 | [powrcane [| 


OR ARRAY - (B) VIRGIN STATE 


A factory shipped virgin device contains all 
7 P 
= 


fusible links intact, such that: 
1. All outputs are at “H” polarity. 
P,, STATUS CODE P,, STATUS CODE 


2. All P, terms are disabled. 


3. Ali P, terms are active on all outputs. 


CAUTION: PLS153A TEST 
COLUMNS 


The PLS153A incorporates two columns not 
shown in the logic block diagram. These 


NOTES: columns are used for in-house testing of the 
1. This is the initial unprogrammed state of all links. device in the unprogrammed state. These 
2. Any gateP,,willbe unconditioanlly inhibited if both the True and Complementofaninput(either | columns must be disabled prior to using the 

| or B) are left intact. PLS153A in your application. If you are using 


a Philips Semiconductors-approved 
programmer, the disabling is accomplished 
during the device programming sequence. If 
these columns are not disabled, abnormal 
operation is possible. 


Furthermore, because of these test columns, 
the PLS153A cannot be programmed using 
the programmer algorithm for the PLS153. 


ABEL is a trademark of Data I/O Corp. 
CUPL is a trademark of Logical Devices, Inc. 
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NOTES CUSTOMER NAME___ 
In the unprogrammed state: PURCHASE ORDER 

C— ee 
@ All AND gates are pulled to a logic “O" (Low). 
© Output polarity is non-inverting. PHILIPS DEVICE # ___-— CF(XXXX)_ 
® Unused | and B bits in the AND array should be programmed CUSTOMER SYM BOLIZED PART it 

as Don't Care (-). 
® Unused product terms in the OR array should be TOTAL NUMBER OF PARTS 
PROGRAM TABLE #___ REV__ DATE___— 


programmed as INACTIVE (0). 
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Product specification 


PLUS153B/D 


DESCRIPTION 

The PLUS153 PLDs are high speed, 
combinatorial Programmable Logic Arrays. 
The Philips Semiconductors state-of-the-art 
Oxide Isolated Bipolar fabrication process is 
employed to produce propagation delays as 
short as 12ns. 


The 20-pin PLUS153 devices have a 
programmable AND array and a 


programmable OR array. Unlike PAL® 
devices, 100% product term sharing is 
supported. Any of the 32 logic product terms 
can be connected to any or all of the 10 
output OR gates. Most PAL ICs are limited to 
7 AND terms per OR function; the PLUS 153 
devices can support up to 32 input wide OR 
functions. 


The polarity of each output is 
user-programmable as either active-High or 
active-Low, thus allowing AND-OR or 
AND-NOR logic implementation. This feature 
adds an element of design flexibility, 
particularly when implementing complex 
decoding functions. 


The PLUS153 devices are 
user-programmable using one of several 
commercially available, industry standard 
PLD programmers. 


ORDERING INFORMATION 


DESCRIPTION 
20-Pin Plastic Dual-In-Line 300mil-wide 
20-Pin Plastic Dual-In-Line 300mil-wide 
20-Pin Plastic Leaded Chip Carrier 
20-Pin Plastic Leaded Chip Carrier 


@PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices Corporation. 


October 22, 1993 


FEATURES 

@ |/O propagation delays (worst case) 
-— PLUS153B — 15ns max. 
— PLUS153D — 12ns max. 


© Functional superset of 16L8 and most other 
20-pin combinatorial PAL devices 


© Two programmable arrays 
— Supports 32 input wide OR functions 


® 8 inputs 
® 10 bi-directional I/O 


@ 42 AND gates 
— 32 logic product terms 
— 10 direction control terms 


®@ Programmable output polarity 
— Active-High or Active-Low 


® Security fuse 

@ 3-State outputs 

®@ Power dissipation: 750mW (typ.) 
@ TTL Compatible 


APPLICATIONS 


® Random logic 

® Code converters 

® Fault detectors 

®@ Function generators 
®@ Address mapping 

@ Multiplexing 
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PIN CONFIGURATIONS 


N Package 


N = Plastic Dual In-Line Package (300mil-wide) 


A Package 


Bo GND B1 B2 B3 


A = Plastic Leaded Chip Carrier 
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(18 x 42 x 10) 


LOGIC DIAGRAM 


m@— (CONTROL TERMS) —il 
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programmed ‘OR’ gate locations are pulled to logic "0". 


1. All programmed ‘AND' gate locations are pulled to logic "1". 
. All i 


NOTES: 


. EEE Programmable connection. 
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Programmable logic arrays 
(18 x 42 x 10) PLUS153B/D 


FUNCTIONAL DIAGRAM 


ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS 


RATING TEMPERATURE 
SYMBOL PARAMETER UNIT 


de® 
ee 
vo | Oupurvotase 
= 
a 
eT 
= 


Allowable thermal rise 75°C 
ambient to junction 


a 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 
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Programmable logic arrays D 
(18 x 42 x 10) PLUS153B/ 


DC ELECTRICAL CHARACTERISTICS 
0°C < Tamb S$ +75°C, 4.75 $ Voc $ 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | MIN | TyPt | MAX — UNIT 


Input voltage? 


Vit Low Voc = MIN 
Vin High Voc = MAX V 
Output voltage 
=I; LE 
Nine High® V 
Input current® 

Voc = MAX 
les High Vin = Veo 40 yA 

Voc = MAX 
lo(orF) Hi-Z state® Vout = 2.7V 

par lel 
Short circuit?: 5 Vout = OV 


ae 
pF 
pF 
1 
2. All voltage values are with respect to network ground terminal. 
3. Test one ata time. 
4. Measured with inputs 10 — 12 = OV, inputs 13 — 15 = 4.5V, inputs I7 = 4.5V and I6 = 10V. For outputs BO — B4 and for outputs B5 — B9 apply the 
same conditions except I7 = OV. 
. Same conditions as Note 4 except I7 = +10V. 


5 

6. Duration of short circuit should not exceed 1 second. 
7. Icoc is measured with inputs 10 — 17 and BO — B9 = OV. 
8 
9 


. All typical values are at Voc = 5V, Tamb = +25°C. 


. Leakage values are a combination of input and output leakage. 
. ly and ly limits are for dedicated inputs only (I0 — 17). 
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Programmable logic arrays 
(18 x 42 x 10) PLUS153B/D 


AC ELECTRICAL CHARACTERISTICS 
O°C < Tam < +75°C, 4.75V < Voc < 5.25V, R; = 3000, Ro = 3902 
TEST 


SYMBOL PARAMETER TO 
CONDITION 


NOTES: 


1. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S, closed. 

2. All propagation delays are measured and specified under worst case conditions. 


PLUS153B PLUS153D 


LIMITS 
UNIT 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


OUTPUTS 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 


of inputs and outputs, unless otherwise specified. 
p 7" p NOTE: 


Input Pulses C; and C9 are to bypass Voc to GND. 


TIMING DEFINITIONS TIMING DIAGRAM 


SYMBOL PARAMETER 


Propagation delay between 
input and output. 
Delay between input change 


and when output is off (Hi-Z 
or High). 


Delay between input change 
and when output reflects 
specified output level. 
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Programmable logic arrays 


(18 x 42 x 10) 


PLUS153B/D 


LOGIC PROGRAMMING 

The PLUS153B/D is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors 


SNAP design software package. ABEL™ and 


CUPL™ design software packages also 
support the PLUS153B/D architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PLUS153B/D logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
page. This program table entry format is 
supported by SNAP only. 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


AND ARRAY - (I, B) 


1,B 
1,B 
LB 
P,D 


[stare [cove] 
[iwactves? | 0 


OR ARRAY - (B) 


+p 


P, STATUS CODE 


NOTES: 


PROGRAMMING AND 
SOFTWARE SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-Party 


Programmer/Software Support) of this data 
handbook for additional information. 


OUTPUT POLARITY — (B 


TC 


ACTIVELEVEL | CODE | 


LOW L 
(INVERTING) 


ACTIVE LEVEL | CODE | 


HIGH! 
NON-INVERTING) 


VIRGIN STATE 


A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All outputs are at “H” polarity. 


2. All P, terms are disabled. 


3. All P, terms are active on all outputs. 


ee 
[inactive [* 


1. This is the initial unprogrammed state of all links. 
2. Any gate P, will be unconditionally inhibited if both the true and complement of an input (either 


| or B) are left intact. 


ABEL is a trademark of Data I/O Corp. 
CUPL is a trademark of Logical Devices, Inc. 
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PROGRAM TABLE 
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SNAP RESOURCE SUMMARY DESIGNATIONS 
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PLUS153—10 


DESCRIPTION 

The PLUS153—10 PLD is a high speed, 
combinatorial Programmable Logic Array. 
The Philips Semiconductors state-of-the-art 
Oxide Isolated Bipolar fabrication process is 
employed to produce maximum propagation 
delays of 10ns or less. 


The 20-pin PLUS153 device has a 
programmable AND array anda 


programmable OR array. Unlike PAL® 
devices, 100% product term sharing is 
supported. Any of the 32 logic product terms 
can be connected to any or all of the 10 
output OR gates. Most PAL ICs are limited to 
7 AND terms per OR function; the 
PLUS153—10 can support up to 32 input wide 
OR functions. 


The polarity of each output is user- 
programmable as either Active-High or 
Active-Low, thus allowing AND-OR or 
AND-NOR logic implementation. This feature 
adds an element of design flexibility, 
particularly when implementing complex 
decoding functions. 


The PLUS153—10 device is user- 
programmable using one of several 
commercially available, industry standard 
PLD programmers. 


ORDERING INFORMATION 


FEATURES 
@ |/O propagation delays (worst case) 
— PLUS153—10 — 10ns max. 


® Functional superset of 16L8 and most other 
20-pin combinatorial PAL devices 


®@ Two programmable arrays 
— Supports 32 input wide OR functions 


® 8 inputs 
®@ 10 bi-directional I/O 


®@ 42 AND gates 
— 32 logic product terms 
— 10 direction control terms 


®@ Programmable output polarity 
— Active-High or Active-Low 


® Security fuse 

® 3-State outputs 

® Power dissipation: 825mW (typ.) 
© TTL Compatible 


APPLICATIONS 


®@ Random logic 

® Code converters 

® Fault detectors 

® Function generators 
® Address mapping 

®@ Multiplexing 


PIN CONFIGURATIONS 


N Package 


N = Plastic DIP (300mil-wide) 


A Package 


A = Plastic Leaded Chip Carrier 


DESCRIPTION tpp (MAX) ORDER CODE DRAWING NUMBER 


20-Pin Plastic Dual-In-Line 300mil-wide PLUS153-10N 0408D 


20-Pin Plastic Leaded Chip Carrier PLUS153-10A 0400E 


@PAL is a registered trademark of Advanced Micro Devices Corporation. 
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PLUS153-—10 


Programmable logic array 


(18 x 42 x 10) 


LOGIC DIAGRAM 


@— (CONTROL TERMS) —@ 


a———__ (LOGIC TERMS-P) —_—_——__-8 


ao © &@ @ @ @ B 


a 
a 


San oo & & & B 


ILEILEILPILEILE ILS ILE Le 
- 


| programmed ‘OR’ gate locations are pulled to logic “O". 


3. 2s 


1. All programmed ‘AND’ gate locations are pulled to logic "1". 
Programmable connection. 


NOTES: 
2. Al 
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Programmable logic array 


(18 x 42 x 10) PLUS153-—10 


FUNCTIONAL DIAGRAM 


ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS 
TEMPERATURE 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 
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Programmable logic array 4 
(18 x 42 x 10) PEuetos 


DC ELECTRICAL CHARACTERISTICS 
O°C < Tamb $ +75°C, 4.75 S$ Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | MIN | Typ? | MAX | UNIT 


Input voltage? 


Vit Low Voc = MIN 0.8 V 
Viq High Voc = MAX 2.0 V 
Vic Clamp Vcc = MIN, lin =—12mA —0.8 —1.2 V 


Output voltage 


Voc = MIN 
VoL Low4 low = 15mA 
Vou High® lou = —2mA 


Input current9 


le Low 
liq High 


Output current 


Voc = MAX 
lo(orF) Hi-Z state® Vout = 2.7V 
Vout = 0.45V —15 —140 
Short circuit: > © Vout = OV 


a 


Capacitance 
ms 8 pF 
15 pF 


NOTES 
All typical values are at Voc = 5V, Tanp = +25°C. 


: All voltage values are with respect to network ground terminal. 

3. Test one ata time. 

4. Measured with inputs I0 — 12 = OV, inputs 13 — 15 = 4.5V, inputs 17 = 4.5V and I6 = 10V. For outputs BO — B4 and for outputs B5 — B9 apply the 
same conditions except |7 = OV. 

5. Same conditions as Note 4 except I7 = +10V. 

6. Duration of short circuit should not exceed 1 second. 

7. loc is measured with inputs 10 — 17 and BO — B9 = OV. 

8. Leakage values are a combination of input and output leakage. 

9. | and Iq limits are for dedicated inputs only (10 — 17). 
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Programmable logic array 
(18 x 42 x 10) PLUS153—10 


AC ELECTRICAL CHARACTERISTICS 
0°C < Tamb < +75°C, 4.75V < Voc < 5.25V, R; = 3002, Ro = 3902 


TEST LIMITS 
SYMBOL PARAMETER TO CONDITION | MIN | TYP | MAX | UNIT 


Frpegaion Demy? | pwevie| Ov | cimaoor | |e | 0 | m= 
[woe [Oupuerann | tpt | owpn | crnoor | | 6 | 0 | om 
top [oupudabioy | tne | ome | cnoor | |e | | mw 


NOTES: 

1. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vy = (Vo, + 0.5V) level with S; closed. 

2. All propagation delays are measured and specified under worst case conditions. 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


+3.0V —— — — 


4. 


MEASUREMENTS: | 
All circuit delays are measured at the +1.5V level 


of i t d ts, unl therwi ified. 
inputs an outpu Ss, unless otherwise specii! NOTE: 


Input Pulses Cy and Co are to bypass Voc to GND. 


TIMING DEFINITIONS TIMING DIAGRAM 


SYMBOL PARAMETER 


i Propagation delay between 


input and output. 


Delay between input change 
and when output is off (Hi-Z 
or High). 


Delay between input change 


and when output reflects 
specified output level. 
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Programmable logic array 
(18 x 42 x 10) PLUS153-—10 


LOGIC PROGRAMMING PROGRAMMING AND 


The PLUS 153-10 is fully supported by SOFTWARE SUPPORT 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors Refer to Section 9 (Development Software) 


SNAP design software package. ABEL™ and 2d Section 10 (Third-Party . 
CUPL™ design software packages also Programmer/Software Support) of this data 


support the PLUS153-10 architecture. handbook for additional information. 
All packages allow Boolean and state 


equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic OUTPUT POLARITY — (B 


capture format. 


PLUS 153—10 logic designs can also be s- 

generated using the program table entry x ) >— B 
format, which is detailed on the following 

page. This program table entry format is 


supported by SNAP only. 


To implement the desired logic functions, the [ACTIVE LEVEL] 

— ACTIVE LEVEL CODE 
state of each logic variable from logic a = = — 
symbol. The symbols for TRUE, 


COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


AND ARRAY - (1, B) 


1,B 
1,B 
LB 
P,D 


STATE CODE 
inactive? |  O_ 


OR ARRAY - (B) VIRGIN STATE 


A factory shipped virgin device contains all 
Pp 
3 


fusible links intact, such that: 
1. All outputs are at “H” polarity. 
pacnvel [A 


2. All P, terms are disabled. 


3. All P, terms are active on all outputs. 


Py, STATUS CODE 


NOTES: 

1. This is the initial unprogrammed state of all links. 

2. Any gate P, will be unconditionally inhibited if both the true and complement of an input (either 
| or B) are left intact. 


ABEL is a trademark of Data I/O Com. 
CUPL is a trademark of Logical Devices, Inc. 
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LOe 


CUSTOMER NAME_—_______ 
PURCHASE ORDER # ae _ 


PHILIPS DEVICE # ______CF(XXXx) 
CUSTOMER SYMBOLIZED PART_# SESE 


TOTAL NUMBER OF PARTS_____ SSS 
PROGRAM TABLE #___ REV__ DATE___ 


NOTES 
In the unprogrammed state: 


INACTIVE @ All AND gates are pulled to a logic “O" (Low). 

® Output polarity is non-inverting. 

® Unused | and B bits in the AND array should be programmed 
as Don't Care (-). 

® Unused product terms in the OR array should be 


programmed as INACTIVE (0). 


DON’T CARE 


VARIABLE 
NAME 


je |u| ciferf reise orjerperjer] s|zlelyts| ol zie] nid 


DO Ee 


ALINW10d 


ATEaVL WVYSOud 


(OL X ov Xx BL) 


Aewe o160) ajqewweibold 


Ol-ESltSN 1d 


saoiAag 91607 ajqewwesBbol1g siojONpUODIWAS sdijiyd 


uoneoyioads Jonpold 
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Programmable logic array PL_US153—10 
(18 x 42 x 10) 


SNAP RESOURCE SUMMARY DESIGNATIONS 
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Programmable logic array 
(22 x 42 x 10) rhe 


DESCRIPTION FEATURES PIN CONFIGURATIONS 
The PLS173 is a two-level logic element @ \/O propagation delay: 30ns (max.) 
consisting of 42 AND gates and 10 OR gates 

with fusible link connections for programming  ® 12 inputs 


I/O polarity and direction. © 42 AND gates 


All AND gates are linked to 12 inputs (1) and 
10 bidirectional I/O lines (B). These yield 
variable I/O gate configurations via 10 ® 10 bidirectional |/O lines 
direction control gates (D), ranging from 22 
inputs to 10 outputs. 


N Package 


® 10 OR gates 


® Active-High or -Low outputs 


On-chip T/C buffers couple either True (I, B) © 42 product terms: 


or Complement (I, B) input polarities to all — 32 logic terms 
AND gates, whose outputs can be optionally — 10 control terms 
linked to all OR gates. Their output polarity, in 
turn, is individually programmable through a 


set of EX-OR gates for implementing ®@ Input loading: —100uA (max.) 
AND/OR or AND/NOR logic functions. 


The PLS173 is field programmable, enabling 


® Ni-Cr programmable links 


® Power dissipation: 750mW (typ.) 


the user to quickly generate custom patterns © 3-State outputs eee ears 
using standard programming equipment. © TTL compatible A Package 
Order codes for this device are listed below. 11 1 Voc B9 BS 


APPLICATIONS 


® Random logic 

® Code converters 

® Fault detectors 

® Function generators 


® Address mapping 
® Multiplexing 12} [13] [14] [15] [16 


19 110 GND 111 BO B1 B2 


A = Plastic Leaded Chip Carrier 


ORDERING INFORMATION 
DESCRIPTION ORDER CODE DRAWING N'IMBER 
24-Pin Plastic Dual-In-Line 300mil-wide PLS173N 0410D 
28-Pin Plastic Leaded Chip Carrier PLS173A 
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Product specification 


Programmable logic array 


(22 x 42 x 10) 
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a (LOGIC TERMS-P) —_—__——_83 


a 2 @B B 
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| programmed ‘OR’ gate locations are pulled to logic “0”. 
. 5: Programmable connection. 


1. All programmed ‘AND’ gate locations are pulled to logic "1". 


NOTES: 
. Al 
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Programmable logic array 
(22 x 42 x 10) Ponies 


FUNCTIONAL DIAGRAM LOGIC FUNCTION 


TYPICAL PRODUCT TERM: 
Pn=A-B-C-D.... 


TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY = H 
Z=PO0+P1+P2... 


AT OUTPUT POLARITY +L 
Z=PO0+Pi +P2+4... 


Z=P0-P1-P2.... 


NOTES: 


1. For each of the 10 outputs, either function Z 
(Active-High) or Z (Active-Low) is available, but not 
both. The desired output polarity is programmed 
via the EX-OR gates. 

. 2X, A, B, C, etc. are user defined connections to 
fixed inputs (I), and bidirectional pins (B). 


THERMAL RATINGS 


TEMPERATURE 
150°C 


75°C 


The PLS173 is also processed to military 
requirements for operation over the military 


SYMBOL PARAMETER 


Input voltage 
Tamb 


Output voltage 
Fin | Input currents 
Output currents 


La Operating free-air temperature range temperature range. For specifications and 


ordering information, consult the Philips 


Storage temperature range Semiconductors Military Data Handbook. 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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Programmable logic array S173 
(22 x 42 x 10) ia 


DC ELECTRICAL CHARACTERISTICS 
O°C < Tamb $ +75°C, 4.75 < Veco < 5.25V 


SYMBOL PARAMETER TEST CONDITIONS 


Input voltage? 


Vcc = MIN 
Voc = MAX 
Voc = MIN, lin =-12mA 


Output voltage? 


VoL Low 
Vou High® 


Input current? 


ie Low 
li High 


Output current 


Voc = MAX 

lo(orr) Hi-Z state® Vout = 5.5V 
Vout = 0.45V ~140 

Short circuit: > © Vout = OV 


re 


lin Input 
I/O 


NOTES 

All typical values are at Voc = 5V, Tam = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one ata time. 

Measured with inputs Vi, applied to 1;;. Pins 1-5 = OV, Pins 6-10 = 4.5V, Pin 11 = OV and Pin 13 = 10V. 
Same conditions as Note 4 except Pin 11 = +10V. 

Duration of short circuit should not exceed 1 second. 

Icc is measured with Ig and |; = OV, and lp — 11, and By — Bg = 4.5V. Part in Virgin State. 

Leakage values are a combination of input and output leakage. 

li, and |), limits are for dedicated inputs only (Io — 144). 


Voc = MIN 
lot = 15mA 


lou =-—2mA 


2 63 MS G2 Cl F 09 RO oe 
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Programmable logic array 
(22 x 42 x 10) Peete 


AC ELECTRICAL CHARACTERISTICS 
0°C < Tamb S$ +75°C, 4.75 < Vog < 5.25V, Ry = 4700, Ro = 1kQ 


TEST LIMITS 
SYM — PARAMETER CONDITION 


Pan [1 
Pesmeneie? ews [owe | aane [| = | 

Ca 

[a 


NOTES: 

1. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S, closed. 

2. All propagation delays are measured and specified under worst case conditions. 


VOLTAGE WAVEFORM TEST LOAD CIRCUIT 


+3.0V — — — — 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 


of inputs and outputs, unless otherwise specified. 
4 = NOTE: 


C1 and Co are to bypass Voc to GND. 


Input Pulses 


TIMING DEFINITIONS TIMING DIAGRAM 


SYMBOL PARAMETER 


Propagation delay between 
input and output. 


Delay between input change 
and when output is off (Hi-Z 
or High). 


Delay between input change 


and when output reflects 
specified output level. 
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Programmable logic array 
(22 x 42 x 10) 


LOGIC PROGRAMMING PROGRAMMING AND 

The PLS173 is fully supported by industry SOFTWARE SUPPORT 

standard (JEDEC compatible) PLD CAD Refer to Section 9 (Development Software) 
tools, including Philips Semiconductors and Section 10 (Third-Party 

SNAP, Data I/O Corporation's ABEL™, and Programmer/Software Support) of this data 
Logical Devices Incorporated’s CUPL™ handbook for addtional information. 

design software packages. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and OUTPUT POLARITY — (B) 
CUPL also accept, as input, schematic 
capture format. 


PLS173 logic designs can also be generated 
using the program table entry format detailed 
on the following pages. This program table 
entry format is supported by the Philips 
Semiconductors SNAP PLD design software 
package. 


To implement the desired logic functions, the aes 
state of each logic variable from logic NON-NVERTING 

equations (I, B, O, P, etc.) is assigned a 

symbol. The symbols for TRUE, 

COMPLEMENT, INACTIVE, PRESET, etc., 


are defined below. 


AND ARRAY - (I, B) 


,B 
I,B 
IB 
P,D 


STATE CODE 
INactiVe2 | O | 


OR ARRAY - (B) 


Pp 
Ss 
Pp STATUS CODE 


Pp 
Ss 
Pp STATUS CODE 


NOTES: 

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused 
(inactive) AND gates P,, D,. 

2. Any gate P,, D, will be unconditionally inhibited if both the True and Complement of any input 
(|, B) are left intact. 


ABEL 's a trademark of Data I/O Corp. 
CUPL is a trademark of Logical Devices, Inc. 


October 22, 1993 208 


Product specification 


PLS173 


ACTIVE LEVEL CODE 


LOW L 
(INVERTING) 


[powtcare [| 


VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1. All outputs are at “H” polarity. 


2. All P, terms are disabled. 


3. All P, terms are active on all outputs. 


Product specification 
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PLS173 


Programmable logic array 


(22 x 42 x 10) 


PROGRAM TABLE 
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Programmable logic array 
(22 x 42 x 10) Peete 


SNAP RESOURCE SUMMARY DESIGNATIONS 
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Programmable logic arrays 
(22 x 42 x 10) PLUS173B/D 


DESCRIPTION FEATURES PIN CONFIGURATIONS 
The PLUS173 PLDs are high speed, ® |/O propagation delays (worst case) N Package 
combinatorial Programmable Logic Arrays. — PLUS173B — 15ns max 

The Philips Semiconductors state-of-the-art 

Oxide Isolated Bipolar fabrication process is — PLUS173D - 12ns max. 

employed to produce propagation delays as ® Functional superset of 20L10 and most 


short as 12ns. other 24-pin combinatorial PAL devices 


The 24-pin PLUS173 devices have a 
programmable AND array anda 
programmable OR array. Unlike PAL ® 
devices, 100% product term sharing is @ 12 inputs 
supported. Any of the 32 logic product terms a 
can be connected to any or all of the 10 © 10 bi-directional /O 
output OR gates. Most PAL ICs are limitedto @42AND gates 

7 AND terms per OR function; the PLUS173 
devices can support up to 32 input wide OR 
functions. 


®@ Two programmable arrays 
— Supports 32 input wide OR functions 


— 32 logic product terms 
— 10 direction control terms 


The polarity of each output is user- © Programmable output polarity 


programmable as either Active-High or — Active-High or Active-Low 
Active-Low, thus allowing AND-OR or 
AND-NOR logic implementation. This feature 
adds an element of design flexibility, @ 3-State outputs 
particularly when implementing complex 
decoding functions. 


The PLUS173 devices are user- 
programmable using one of several 
commercially available, industry standard 


PLD programmers. APPLICATIONS 


® Random logic 


N = Plastic Dual In-Line (300mil-wide) 


® Security fuse 


A Package 
® Power dissipation: 750mW (typ.) 


® TTL Compatible 


12 11 W Voc B9 B8 


® Code converters 

®@ Fault detectors 

® Function generators 
® Address mapping i9 110 GND 111 BO B1 B2 


®@ Multiplexing | A = Plastic Leaded Chip Carrier 


ORDERING INFORMATION 


ORDER CODE DRAWING NUMBER 
PLUS173BN 0410D 


PLUS173DN 0410D 
PLUS173BA 0401F 
PLUS173DA 0401F 


®PAL is a registered trademark of Advanced Micro Devices Corporation. 
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Programmable logic arrays 


(22 x 42 x 10) 


aS 2 2 2 & 2 GB ow B 


BIS iSieibia 
- 


ve 
fa jal | tft ttlt lid 
a 


O 


al 
ee eC eee! 58 } 


@— (CONTROL TERMS) —@ 


————-_——— (Lodc Ins) ——_—_—_—_—__-5 


a @ B 


| programmed ‘OR’ gate locations are pulled to logic "0". 


1. All programmed ‘AND’ gate locations are pulled to logic "1". 
. ££: Programmable connection. 


LOGIC DIAGRAM 


NOTES: 
2. A 
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Programmable logic arrays 
(22 x 42 x 10) PLUS173B/D 


FUNCTIONAL DIAGRAM 


ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS 


RATING TEMPERATURE 
PARAMETER UNIT 


Vin Input voltage 


Le 

oe 
Pe Allowable thermal rise 

| Your | Cutputvotage ts | ve | Pees 
= 
a 
oe 


Output currents 
Operating free-air temperature range 
Storage temperature range 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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Programmable logic arrays 
(22 x 42 x 10) PLUS173B/D 


DC ELECTRICAL CHARACTERISTICS 
0°C < Tam $ +75°C, 4.75 < Vog < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | MIN | TYP? | MAX — UNIT 


Input voltage? 


Vit Low Voc = MIN V 
Vin High Voc = MAX V 
Vic Clamp Voc = MIN, Iiy =—-12mA -0.8 V 


Output voltage 
Voi Low+ V 
Voss Highs V 
~100 yA 
40 yA 


Input current? 
ie Low 
liq High 
Voc = MAX 
lo(oFF) Hi-Z state® Vout = 2.7V 
Vout = 0.45V —140 
Short circuit? 5 6 Vout = OV 


a 


1. All typical values are at Voc = 5V, Tamb = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one ata time. 

4. Measured with inputs I0 — 14 = OV, inputs 15 — 19 = 4.5V, 111 = 4.5V and 119 = 10V. For outputs BO — B4 and for outputs B5 — B9 apply the 
same conditions except 111 = OV. 

5. Same conditions as Note 4 except input 111 = +10V. 

6. Duration of short circuit should not exceed 1 second. 

7. Icc is measured with inputs 10 —111 and BO — B9 = OV. Part in Virgin State. 

8. Leakage values are a combination of input and output leakage. 

9. I, and |, limits are for dedicated inputs only (10 —111). 
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Programmable logic arrays 
(22 x 42 x 10) PLUS173B/D 


AC ELECTRICAL CHARACTERISTICS 
0°C < Tamb $ +75°C, 4.75 < Voc $ 5.25V, Ry = 3002, Re = 3902 
TEST 


SYMBOL PARAMETER FROM TO 
CONDITION 


NOTES: 


1. For 3-State outputs; output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of V+ = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vy = (Vo, + 0.5V) level with S, closed. 

2. All propagation delays are measured and specified under worst case conditions. 


LIMITS 
PLUS173B PLUS173D 


VOLTAGE WAVEFORM TEST LOAD CIRCUIT 


+3.0V——— — 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 


of inputs and outputs, unless otherwise specified. NOTE: 


C1 and C9 are to bypass Vcc to GND. 


Input Pulses 


Test Load Circuit 


TIMING DEFINITIONS TIMING DIAGRAM 


SYMBOL PARAMETER 


Propagation delay between 


input and output. 


Delay between input change 
and when output is off (Hi-Z 
or High). 


Delay between input change 
and when output reflects 
specified output level. 
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Programmable logic arrays 


(22 x 42 x 10) 


PLUS173B/D 


LOGIC PROGRAMMING 

The PLUS173 series is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors 
SNAP design software package. ABEL™ and 
CUPL™ design software packages a!so 
support the PLUS173 architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PLUS173 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
page. This program table entry format is 
supported by SNAP only. 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


AND ARRAY - (I, B) 


(ace? [A 


NOTES: 


PROGRAMMING AND 
SOFTWARE SUPPORT 


Refer to Section 9 (Development Software) 
and Section 10 (Third-Party Programmer/ 
Software Support) of this data handbook for 
additional information. 


OUTPUT POLARITY — (B 


D-— 
B 

= 

ACTIVELEVEL | CODE | 


LOW L 
(INVERTING) 


ACTIVE LEVEL | CODE | 


HIGH! 
NON-4NVERTING 


VIRGIN STATE 


A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All outputs are at “H” polarity. 


2. All P, terms are disabled. 


3. All P, terms are active on all outputs. 


Py, STATUS CODE 
inactive | _* | 


1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused 


(inactive) AND gates P,, D,. 


2. Any gate Pp, Dy, will be unconditionally inhibited if both the true and complement of any input 


(|, B) are left intact. 


ABEL is a trademark of Data /O Com. 
CUPL is a trademark of Logical Devices, Inc. 
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PLUS173B/D 


Programmable logic arrays 


(22 x 42 x 10) 


PROGRAM TABLE 


Poot 
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(22 x 42 x 10) PLUS173B/D 


SNAP RESOURCE SUMMARY DESIGNATIONS 
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RETR EEE EIN BSI IES SAE IO AE TSI AEN RIERA TLS AS EES TNE INR IE RENEE IEE ESS SWS RCO SLEARS. 8 INSEL EET: 
Programmable logic array PLUS173-10 


(22 x 42 x 10) 
SERRE SLE CMT NA aE RIN NES Be eS NE I EPR oS SS Be A a ta Ht ai) US ea 


DESCRIPTION FEATURES PIN CONFIGURATIONS 
The PLUS173-10 PLD is a high speed, © \/O propagation delays 
combinatorial Programmable Logic Array. 

The Philips Semiconductors state-of-the-art 
Oxide Isolated Bipolar fabrication process is © Functional superset of 20L10 and most 


employed to produce maximum propagation other 24-pin combinatorial PAL devices 
delays of 10ns or less. 


The 24-pin PLUS173—10 device has a 
programmable AND array anda 


- 10ns (worst case) N Package 


® Two programmable arrays 
— Supports 32 input wide OR functions 


programmable OR array. Unlike PAL® © 12 inputs 

devices, 100% product term sharing is © 10 bi-directional I/O 
supported. Any of the 32 logic product terms 

can be connected to any or all of the 10 ® 42 AND gates 


7 AND terms per OR function; the 


sad irecti trol term 
PLUS173-10 device can support up to 32 10 direction control terms 


input wide OR functions. @ Programmable output polarity 

The polarity of each output is user- — Active-High or Active-Low 

programmable as either Active-High or ® Security fuse 

Active-Low, thus allowing AND-OR or N = Plastic Dual In-Line (300mil-wide) 
AND-NOR logic implementation. This feature © 3-State outputs 

adds an element of design flexibility, © Power dissipation: 850mW (typ.) 

particularly when implementing complex A Package 
decoding functions. © TTL Compatible 


I2 11 1 Veo B9 BB 
The PLUS173—10 device is user- 


programmable using one of several 
commercially available, industry standard APPLICATIONS 


PLD programmers. ® Random logic 
®@ Code converters 
© Fault detectors 
® Function generators 
® Address mapping 
® Multiplexing 


19 110 GNDI11 BO B1 B2 


A = Plastic Leaded Chip Carrier 


ORDERING INFORMATION 


DESCRIPTION | tpp (MAX) ORDER CODE DRAWING NUMBER 
24-Pin Plastic Dual In-Line 300mil-wide | Ons PLUS173-10N 0410D 
28-Pin Plastic Leaded Chip Carrier | 10ns PLUS173-10A 0401F 


@PAL is a registered trademark of Advanced Micro Devices Corporation. 
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PLUS173-—10 


Programmable logic array 


(22 x 42 x 10) 


LOGIC DIAGRAM 


™@— (CONTROL TERMS) —@ 


2 8 5 82 8 & 8 & & B 


BIBI EB ieieibig 
al 


ve A A A A A A A ve A 
Cc al TTT TT 
BD 


= 
4 


10 Ea “3 


a 


a o 8 @ 


NOTES: 


| programmed ‘OR’ gate locations are pulled to logic "0". 


1. All programmed ‘AND’ gate locations are pulled to logic "1". 
=5 Programmable connection. 


2. Al 
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Product specification 


Programmable logic array 
(22 x 42 x 10) 


PLUS173-10 


FUNCTIONAL DIAGRAM 


ABSOLUTE MAXIMUM RATINGS! 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


October 22, 1993 221 


THERMAL RATINGS 


TEMPERATURE 


Allowable thermal rise 75°C 
ambient to junction 
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Programmable logic array 173-10 
(22 x 42 x 10) ee 


DC ELECTRICAL CHARACTERISTICS 
0°C < Tam $ +75°C, 4.75 < Voc $ 5.25V 


SYMBOL PARAMETER 


Input voltage? 


Vit Low Voc = MIN 
Vin High Voc = MAX 
Vic Clamp Voc = MIN, lijy =—-12mA 


Output voltage 


Voc = MIN 
VoL Low4 lot = 15mA 
Vou High® loy = —2mA 


Input current? 


lie Low 
liq High 


Output current 


Voc = MAX 

lo(OFF) Hi-Z state® Vout = 2.7V 
Vout = 0.45V -15 | -140 

Short circuit? > § Vout = OV 


ee 


Capacitance 
ne 8 pF 
15 pF 


NOTES 
All typical values are at Voc = 5V, Tamb = +25°C. 


LIMITS 


TEST CONDITIONS 


: All voltage values are with respect to network ground terminal. 

3. Test one ata time. 

4. Measured with inputs 10 — 14 = OV, inputs 15 — 19 = 4.5V, 111 = 4.5V and 110 = 10V. For outputs BO — B4 and for outputs B5 — B9 apply the 
same conditions except 111 = OV. 

5. Same conditions as Note 4 except input 111 = +10V. 

6. Duration of short circuit should not exceed 1 second. 

7. Icc is measured with inputs 10 — 111 and BO — B9 = OV. Part in Virgin State. 

8. Leakage values are a combination of input and output leakage. 

9. |\_ and Iq limits are for dedicated inputs only (10 —111). 
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Programmable logic array 
(22 x 42 x 10) PLUS173-10 


AC ELECTRICAL CHARACTERISTICS 
0°C < Tam < +75°C, 4.75 < Veco < 5.25V, Ry = 3002, Ro = 3902 


TEST LIMITS 
SYMBOL PARAMETER FROM To CONDITION | TYP | MAX | UNIT 


Propagation Delay Output +/— C, = 30pF Co 


NOTES: 

1. For 3-State outputs; output enable times are tested with C, = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S, closed. 

2. All propagation delays are measured and specified under worst case conditions. 


VOLTAGE WAVEFORM TEST LOAD CIRCUIT 


+3.0V — — — — 


- © tR te see — 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 


of inputs and outputs, unless otherwise specified. NOTE: 


C1 and Co are to bypass Vcc to GND. 


Input Pulses Test Load Circuit 


TIMING DEFINITIONS TIMING DIAGRAM 


SYMBOL PARAMETER 


cx Propagation delay between 


input and output. 


Delay between input change 
and when output is off (Hi-Z 
or High). 


Delay between input change 
and when output reflects 
specified output level. 
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Programmable logic array _ 
(22 x 42 x 10) PLUS173-—10 


LOGIC PROGRAMMING PROGRAMMING AND 

The PLUS173-—10 is fully supported by SOFTWARE SUPPORT 

industry standard (JEDEC compatible) PLD Refer to Section 9 (Development Software) 
CAD tools, including Philips Semiconductors and Section 10 (Third-party Programmer/ 
SNAP design software package. ABEL™ and — Software Support) of this data handbook for 
CUPL™ design software packages also additional information. 

support the PLUS173-—10 architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PLUS173—10 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
page. This program table entry format is 
supported by SNAP only. 


OUTPUT POLARITY — (B 


co 
a 


LOW L 
(INVERTING) 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


ACTIVE LEVEL | CODE | 


HIGH! 
NON-4INVERTING 


AND ARRAY - (I, B) 


1,B 
1,B 
LB 
P,D 


STATE 
iwactive2 | Oo | 


OR ARRAY - (B) VIRGIN STATE 


A factory shipped virgin device contains all 
Pp 
S 


fusible links intact, such that: 
1. All outputs are at “H” polarity. 
[Pastarus [CODE 


2. All P, terms are disabled. 


3. All P, terms are active on all outputs. 


[Pa stars [cove _| 
[inactive [| 


NOTES: 

1. This is the initial unprogrammed state of all link pairs. Itis normally associated with all unused 
(inactive) AND gates P,, Dp. 

2. Any gate Pp, Dy will be unconditionally inhibited if both the true and complement of any input 
(|, B) are left intact. 


ABEL is a trademark of Data I/O Com. 
CUPL is a trademark of Logical Devices, Inc. 
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(22 x 42 x 10) 


Philips Semiconductors Programmable Logic Devices 


PLA PROGRAM TABLE 


POLARITY 
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Programmable logic array = 
(22 x 42 x 10) PLUS173-—10 


SNAP RESOURCE SUMMARY DESIGNATIONS 
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Programmable logic arrays 


(16 x 48 x 8) PLS100/PLS101 


DESCRIPTION FEATURES PIN CONFIGURATIONS 
The PLS100 (3-State) and PLS101 (Open ® Field-programmable (Ni-Cr link) 
Collector) are bipolar, fuse Programmable N Package 


Logic Arrays (PLAs). Each device utilizes the © Input variables: 16 
standard AND/OR/Invert architecture to 

directly implement custom sum of product 
equations. ® Product terms: 48 


© Output functions: 8 


Each device consists of 16 dedicated inputs @ |/O propagation delay: 50ns (max.) 
and 8 dedicated outputs. Each output is 
capable of being actively controlled by any or 
all of the 48 product terms. The True, 
Complement, or Don't Care condition of each 
of the 16 inputs and be ANDed together to © Chip Enable input 
comprise one P-term. All 48 P-terms can be 


© Power dissipation: 6(00mW (typ.) 
® Input loading: —100yA (max.) 


® Output option: 


selectively ORed to each output. 


The PLS100 and PLS101 are fully TTL 
compatible, and chip enable control for 
expansion of input variables and output 
inhibit. They feature either Open Collector or 
3-State outputs for ease of expansion of 


— PLS100: 3-State 

— PLS101: Open-Collector 
® Output disable function: 

— 3-State: Hi-Z 

— Open-Collector: High 


product terms and application in 
bus-organized systems. 


* Fuse Enable Pin: It is recommended that this pin 


APPLICATIONS 
® CRT display systems 


be left open or connected to ground during normal 
operation. 


N = Plastic DIP (600mil-wide) 


Order codes are listed in the Ordering 
Information Table. 


® Code conversion 
® Peripheral controllers A Package 
@ Function generators 

® Look-up and decision tables 
® Microprogramming 

® Address mapping 

@ Character generators 

®@ Data security encoders 

® Fault detectors 

® Frequency synthesizers 

® 16-bit to 8-bit bus interface 


F5 F4 GND F3 F2 F1 FO 
® Random logic replacement 


A = Plastic Leaded Chip Carrier 


ORDERING INFORMATION 


DESCRIPTION 3-STATE OPEN COLLECTOR DRAWING NUMBER 
28-Pin Plastic Dual In-Line 600mil-wide PLS100N PLS101N 0413D 
28-Pin Plastic Leaded Chip Carrier PLS100A PLS101A 0401F 


October 22, 1993 227 853-0308 11164 


Product specification 


Philips Semiconductors Programmable Logic Devices 


PLS100/PLS101 


Programmable logic arrays 


(16 x 48 x 8) 


1 
: 
: 


LOGIC DIAGRAM 


& 


c b 
Biagio 2 |e | 
- 
*, 
a a Se ee A 


&A al dO 8 ae 


47 ee e0 eo © 040 39080 0 0 0 032 Slee eeee 24Beeeeee 16ifeeseeve 8 Teoes0ece 0 


Programmable connection. 


All AND gate inputs with a blown link float to a logic "1". 
2. All OR gate inputs with a blown fuse float to logic "0". 


NOTES: 


Le 


3. GEE 
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Programmable logic arrays 


(16 x 48 x 8) PLS100/PLS101 


FUNCTIONAL DIAGRAM 


Net CONNECTION 


PARAMETER 


Vcc 


Supply voltage 


Input voltage Voc 
Operating temperature range 

Storage temperature range 
NOTE: 


1. Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other conditions above 
those indicated in the operational and programming specification of the device is not 
implied. 


THERMAL RATINGS The PLS100 device is also processed to 
military requirements for operation over the 
TEMPERATURE military temperature range. For specifications 
and ordering information consult the Philips 
Semiconductors Military Data Handbook. 


150°C 
75°C 


Maximum junction 
Maximum ambient 


Allowable thermal rise 


ambient to junction 75°C 
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Programmable logic arrays 
(16 x 48 x 8) PLS100/PLS101 


DC ELECTRICAL CHARACTERISTICS 
0°C < Tamb $ +75°C, 4.75V < Voc $ 5.25V 


LIMITS 
SYMBOL | PARAMETER TEST CONDITIONS | MIN: | TyPt | MAX UNIT 


Input voltage 


Vin Voc = MAX V 
Vit Voc = MIN 
Vic 3 Voc = MIN, lin =—-12mA 0.8 V 
Output voltage 
Voc = MIN 
Von High (PLS100)¢ lou = -2mA V 
ly High Vin = 5.5V <1 25 pA 
Fa a ee ee 
Output current 
Hi-Z state (PLS100) 
amie Ai 
Short circuit (PLS100) 3 & CE = Low, Vout = OV 
a 
Capacitance 
| LT Te 
Court 17 pF 
Test one pin at a time. 
Measured with Vi. applied to CE and a logic high stored. 
Measured with a programmed logic condition for which the output test is at a low logic level. Output sink current is applied through a resistor 


NOTES: 
. All typical values are at Voc = 5V, Tamb = +25°C. 
All voltage values are with respect to network ground terminal. 
to Vcc. 
Duration of short circuit should not exceed 1 second. 
Icc is measured with the Chip Enable input grounded, all other inputs at 4.5V and the outputs open. 


CE = High, Voc = MAX 
Vout = 5.5V 


lo(orF) 


CE = High, Voc = 5.0V 
Vin = 2.0V 
Vout = 2.0V 


ARON + 


N@ 
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Programmable logic arrays 
(16 x 48 x 8) PLS100/PLS101 


AC ELECTRICAL CHARACTERISTICS 
O°C < Tamb < +75°C, 4.75 < Voc < 5.25V, Ry = 470Q, Ro = 1kQ 


PUM 


Propagation delay? 


SS 
Tce] crintrase® | ov | Chperene | | | » [| m 


Disable time 
ico | OnipDicabie®@ ——=~=C«dtSC~C*~*t «Cmte ~SC«dSSCS YC 
gre 


All typical values are at Voc = 5V. Tamb = +25°C. 

All propagation delays are measured and specified under worst case conditions. 

3. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S,; closed. 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


INPUTS . 


0% 
MEASUREMENTS: 


All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


NOTE: 


Input Pulses C, and Co are to bypass Voc to GND. 


TIMING DEFINITIONS TIMING DIAGRAM 


SYMBOL PARAMETER 
tce 


a Delay between beginning of 


Chip Enable Low (with Input 
valid) and when Data Output 
becomes valid. 


1.5V 


Delay between when Chip 
Enable becomes High and 
Data Output is in off state 

(Hi-Z or High). 


Delay between beginning of 
valid Input (with Chip Enable 
Low) and when Data Output 
becomes valid. 


OV 


tcp 


‘CE 


—— Vor 


Read Cycle 
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Programmable logic arrays PLS104 
(16 x 48 x 8) Peon 


LOGIC PROGRAMMING PLS100/PLS101 logic designs can also be COMPLEMENT, INACTIVE, PRESET, etc., 
PLS100/PLS101 is fully supported by generated using the program table entry are defined below. 

industry standard (JEDEC compatible) PLD format detailed on the following pages. This 

CAD tools, including Philips Semiconductors' program table entry format is supported by 


SNAP, Data I/O Corporation’s ABEL™ and the Philips Semiconductors’ SNAP PLD PROGRAMMING AND 

Logical Devices Inc.'s CUPL™ design design software package. SOFTWARE SUPPORT 

software packages. To implement the desired logic functions, the Refer to Section 9 (Development Software) 
All packages allow Boolean and state state of each logic variable from logic and Section 10 ( Third-party Programmer/ 
equation entry formats. SNAP, ABEL and equations (I, B, O, P, etc.) is assigned a Software Support) of this dat handbook for 
CUPL also accept, as input, schematic symbol. The sumbols for TRUE, additional informational. 


capture format. 


OUTPUT POLARITY -— (F) 


ACTIVE LEVEL CODE ACTIVE LEVEL CODE 
LOW L HIGH 
(INVERTING) (NON4NVERTING) 


“AND” ARRAY - (1) 


5 


| 
STATE CODE 
iwactive#2 |  o _| 


“OR” ARRAY - (F) 


P 
S 
P, STATUS CODE 
actve! | A 


] 

T 
P 
[stare [cove] 
[powrcane | - 1 


Py STATUS CODE 


NOTES: 

1. This is the initial unprogrammed state of all links. It is normally associated with all unused 
(inactive) AND gates P,. 

2. Any gate P, will be unconditionally inhibited if any one of its (I) link pairs is left intact. 


VIRGIN STATE 


The PLS100/101 virgin devices are factory 

shipped in an unprogrammed state, with all 

fuses intact, such that: 

1. All P, terms are disabled (inactive) in the 
AND array. 


2. All P, terms are active in the OR array. 
3. All outputs are Active-High. 
ABEL is a trademark of Data I/O Com. 


CUPL is a trademark of Logical Devices, Inc. 
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CUSTOMER NAME PROGRAM TABLE ENTRIES 


INPUT VARIABLE OUTPUT FUNCTION OUTPUT ACTIVE LEVEL 


Prod. Term Prod. Term Not Active Active 
Present in Fp Present in Fp High Low 


PURCHASE ORDER # 


PHILIPS DEVICE # CF (XXXX Don't Care 


CUSTOMER SYMBOLIZED PART# yf A period) | 


NOTES NOTES 
Enter (-) for unused inputs 1. Entries independent of output polarity. 1. Polarity programmed once only. 
of used P-terms. 2. Enter (A) for unused outputs of used P-terms. 2. Enter (H) for all unused outputs. 


A1TEaVL WVYDO0u"d 


TOTAL NUMBER OF PARTS 
PROGRAM TABLE #__ _____. DATE 


ER RERERERARRREER RRA ERASER RARE RRR 


(1) LNdNI 


ALINV10d 


-_ | 


(8 x 8b x QL) 


skeue obo) sjqewweibold 


LOLS 1d/00lLS Id 
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(16 x 48 x 8) PLS100/PLS101 


SNAP RESOURCE SUMMARY DESIGNATIONS 
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Programmable Logic Devices 


Section 5 
Programmable Logic Sequencer 


Devices 


PLS155 
PLS157 
PLS159A 
PLS167/A 
PLS168/A 
PLS179 
PLC42VA12 
PLC415-16 
PLS105/A 
PLUS105-45 
PLUS105-55 
PLUS105-70 


PLUS405-37/-45 


PLUS405-55 


CONTENTS 
Programmable logic sequencer (16 x 45 x 12); 14MHz ....... 237 
Programmable logic sequencer (16 x 45 x 12); 14MHz ....... 249 
Programmable logic sequencer (16 x 45 x 12); 18MHz ....... 261 
Programmable logic sequencer (14 x 48 x 6); 14, 2OMHz ..... 273 
Programmable logic sequencer (12 x 48 x 8); 14, 20OMHz ..... 285 
Programmable logic sequencer (20 x 45 x 12); 18MHz ....... 297 
CMOS programmable multi-function PLD (42 x 105 x 12); 25MHz 309 
CMOS programmable logic sequencer (17 x 68 x 8); 16MHz .. 329 
Programmable logic sequencer (16 x 48 x 8); 14, 2OMHz ..... 348 
Programmable logic sequencer (16 x 48 x 8); 45MHz ........ 360 
Programmable logic sequencer (16 x 48 x 8); 55MHz ........ 373 
Programmable logic sequencer (16 x 48 x 8); 7OMHz ........ 386 
Programmable logic sequencer (16 x 64 x 8);37, 45MHz ..... 399 
Programmable logic sequencer (16 x 64 x 8); 55MHz ........ 415 
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Programmable logic sequencer PLS155 


(16 x 45 x 12) 
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DESCRIPTION FEATURES PIN CONFIGURATIONS 
ib islet a ae pe a © fax = 14MHz 
ogic element combining gate arrays 7 N Packace 
with clocked J-K flip-flops. These J-K 18.2MFiz clock rate . 
flip-flops are dynamically convertible to ® Field-Programmable (Ni-Cr link) 
D-type via a “fold-back” inverting buffer and ~ 

control gate Fe. It features 4 registered I/O 4 dedicated inputs 

outputs (F) in conjunction with 8 bidirectional © 13 control gates 

I/O lines (B). These yield variable I/O gate 

and register configurations via control gates © 32 AND gates 

(D, L) ranging from 16 inputs to 12 outputs. @ 21 OR gates 


The AND/OR arrays consist of 32 logic AND 
gates, 13 control AND gates, and 21 OR 
gates with fusible link connections for 


® 45 product terms: 
— 32 logic terms 


programming I/O polarity and direction. All — 13 control terms 
AND gates are linked to 4 inputs (l), ® & bidirectional VO ines 
bidirectional I/O lines (B), internal flip-flop 

outputs (Q), and Complement Array output @ 4 bidirectional registers 


(C). The Complement Array consists of a N = Plastic Dual In-Line Package (300mil-wide) 


NOR gate optionally linked to all AND gates 
for generating and propagating ® Asynchronous Preset/Reset 
complementary AND terms. 


@ J-K, T, or D-type flip-flops 


© Complement Array A Package 


On-chip T/C buffers couple either True (I, B, 
Q) or Complement (1, B, @, C) input polarities 
to all AND gates, whose outputs can be ® Programmable OE control 
optionally linked to all OR gates. Any of the 

32 AND gates can drive bidirectional /O lines © Positive edge-triggered clock 
(B), whose output polarity is individually ® Input loading: —100,1A (max.) 
programmable through a set of Ex-OR gates 

for implementing AND-OR or AND-NOR logic ® Power dissipation: 750mW (typ.) 
functions. Similarly, any of the AND gates can 
drive the J-K inputs of all flip-flops. The 
Asynchronous Preset and Reset lines (P, R), ® 3-State outputs B3 GND OE By B5 
are driven from the OR matrix. 


All flip-flops are positive edge-triggered and APPLICATIONS 
can be used as input, output or I/O (for 


interfacing with a bidirectional data bus) in 
conjunction with load control gates (L), ® Synchronous up/down counters 
steering inputs (I), (B), (Q) and 

programmable output select lines (E). 
The PLS155 is field programmable, enabling ® Bidirectional data buffers 


the user to quickly generate custom patterns ® Timing function generators 
using standard programming equipment. 


® Active-High or -Low outputs 


® TTL compatible 


A = Plastic Leaded Chip Carrier 


® Random sequential logic 


® Shift registers 


®@ System controllers/synchronizers 
Order codes are listed below. 


® Priority encoder/registers 


ORDERING INFORMATION 


DESCRIPTION . | ORDER CODE DRAWING NUMBER 


20-Pin Plastic Dual In-Line Package (300mil-wide) PLS155N 0408D 
20-Pin Plastic Leaded Chip Carrier PLS155A 0400E 
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( 


16 x 45 x 12) 
. © Programmable connection. 


® denotes WIRE-OR. 


2. All other gates and control inputs with a blown link float to logic "1". 


Philips Semiconductors Programmable Logic Devices 
3. 


1. All OR gate inputs with a blown link float to logic “0”. 


LOGIC DIAGRAM 
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NOTES: 
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FUNCTIONAL DIAGRAM 


(LOGIC TERMS) (CONTROL TERMS) 
L D 


oL] LE 
LV eV, 


[| 2) 
rr 
ie 
@ 
ST 
= 
@ise- 
iE" 


Atte 


3 


FLIP-FLOP TRUTH TABLE NOTES: 

1. Positive Logic: 

-K=To + 1+ 12 eee eccccccceeccees T31 

Ty = ©: (lo Hy: Io...) «(Qo Qh «..) 

Bo - B; : cond . : 
2. | denotes transition from Low to High level. 
3. X= Don't care 
4. * = Forced at F, pin for loading the J-K 


flip-flop in the Input mode. The load 
control term, L, must be enabled (HIGH) 
and the p-terms that are connected to the 
associated flip-flop must be forced LOW 
(disabled) during Preload. 

5. AtP=R=H, Q=H. The final state of Q 
depends on which is released first. 

6. ** = Forced at F, pin to load J-K flip-flop 
independent of program code (Diagnostic 
mode), 3-State B outputs. 


V 


L 
L 
L 
a 
H 
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LOGIC FUNCTION VIRGIN STATE 

The factory shipped virgin device contains all 

fusible links intact, such that: 

1. OE is always enabled. 

2. Preset and Reset are always disabled. 

3. All transition terms are disabled. 

4. All flip-flops are in D-mode unless 
otherwise programmed to J-K only or J-K 
or D (controlled). 

5. All B pins are inputs and all F pins are 
outputs unless otherwise programmed. 


Q3 Q2 Qi QO 
Fa fof{s}o| (sa) PRESENT STATE 
STATE REGISTER B*B* G* oa: 


eTe[e Te] Gx) serene 


SET Qo: Jo = (Q3° Gp* Q,°G)-A-B-C... 


Kg =0 
RESET Q;:J;=0 
Ky =(Q3° G2° Q,'G)°A- BC... 
BOL Se THERMAL RATINGS 
2= 
TOGGLE Q3: J3 = (Q3° Gp °Q;°Up)' A’ B- 
K3 = (Q3° Gp Qy Op) AB: 


TEMPERATURE 


NOTE: 
Similar logic functions are applicable for D 
and T mode flip-flops. 


ABSOLUTE MAXIMUM RATINGS' 


SYMBOL PARAMETER 


Input voltage 


inputeunents—SSSSC*dSC 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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DC ELECTRICAL CHARACTERISTICS 
0°C < Tamb S$ +75°C, 4.75V < Voc $ 5.25V 


SYMBOL PARAMETER TEST CONDITION aE | ie UNIT 


Input voltage? 


Vin High Voc = MAX Vv 
Vic Clamp Vcc = MIN, lin =-12mMA -0.8 V 
Output voltage? 


Voc = MIN 
Vou High lon = —2mA V 
lo. = 10mA BRR 
Voc = MAX 
: ou desl 
Nit Low Vin = 0.45V —10 —100 pA 


Output current 
Voc = MAX 
Hi-Z state® & Vout = 5.5V 
Vout = 0.45V ~140 
Short circuit? 7 Vout = OV 
eg a 


Capacitance 


1. All typical values are at Voc = 5V, Tamb = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one ata time. 

4. Icc is measured with the OE input grounded, all other inputs at 4.5V and the outputs open. 
5. Leakage values are a combination of input and output leakage. 

6. Measured with Vi, applied to OE. 

7. Duration of short circuit should not exceed 1 second. 
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AC ELECTRICAL CHARACTERISTICS 
0°C < Tamb $ +75°C, 4.75V < Voc < 5.25V, Ry =470, Ro = 1kQ 


SYMBOL PARAMETER 
Pulse width 


Preset/Reset pulse (1,B) — 


Hold time 


rs 
Propagation delays 
| Output 


NOTES: 

1. All typical values are at Vcc = 5V, Tanb = +25°C. 

2. To prevent spurious clocking, clock rise time (10% — 90%) < 10ns. 

3. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vr = (Vo, + 0.5V) level with S; closed. 

When using the Complement Array tcxp = 95ns (min). 

Limits are guaranteed with 12 product terms maximum connected to each sum term line. 

For test circuits, waveforms and timing diagrams see the following pages. 


Oot 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


INPUTS 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


NOTE: 
C1 and Co are to bypass Vcc to GND. 


Input Pulses 
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TIMING DIAGRAMS TIMING DEFINITIONS 
SYMBOL | PARAMETER 


Width of input clock pulse. 
Interval between clock pulses. 


Clock period 
Width of preset input pulse 


Required delay between 
beginning of valid input and 
positive transition of clock. 


tcKH 
ICKL 
tcKp 

RH 


,B tp 


(INPUTS) 


Required delay between 
beginning of valid input forced 
at flip-flop output pins, and 
positive transition of clock. 


F 
(OUTPUTS) Required delay between 
positive transition of clock and 


end of valid input data. 


tiH4 


Required delay between 
positive transition of clock and 
end of valid input data forced 

at flip-flop output pins. 


tHe 


Delay between positive 
transition of clock and when 
outputs become valid (with 

Low). 


Flip-Flop Outputs 


o 
x 
(e) 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 


top1 


1,B 
(INPUTS) 


Propagation delay between 
combinational inputs and 
outputs. 


B 
(OUTPUTS) 


Delay between predefined 
Output Enable High, and 

when combinational outputs 
become valid. 


1B 
(OUTPUT 
ENABLE) 


Delay between predefined 
Output Enable Low and when 
combinational outputs are in 

the OFF-State. 


Gate Outputs - 
Delay between positive 


transition of predefined 
Preset/Reset input, and 

when flip-flop outputs become 
valid. 
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TIMING DIAGRAMS (Continued) 


1,B 
(INPUTS) 


*PRESET RESET 


(I, B INPUTS) 
(PRESET) Y a a ee 
(RESET) an 


ee VOL 
RESET tw 
( ) 1.5V 


F 
(OUTPUTS) ; (PRESET) a 
VOL 


* The leading edge of preset/reset must occur only when the input clock is “low", and must remain “high” as long as 
required to override clock. The falling edge of preset/reset can never go “low” when the input clock is “high”. 


Asynchronous Preset/Reset 


= 


~ 
\ 
Neisee 


F 
top1 4s2 4H2 


CLK 


ING 


Flip-Flop Input Mode 
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LOGIC PROGRAMMING PLS155 logic designs can also be generated © COMPLEMENT, INACTIVE, PRESET, etc., 
The PLS155 is fully supported by industry using the program table entry format detailed —_ are defined below. 

standard (JEDEC compatible) PLD CAD on the following pages. This program table 

tools, including Philips’ Semiconductors entry format is supported by the Philips 

SNAP, Data I/O Corporation's ABEL™ and Semiconductors SNAP PLD design software PROGRAMMING AND 

Logical Devices Inc.'s CUPL™ design package only. SOFTWARE SUPPORT 

software packages. To implement the desired logic functions, the —_ Refer to Section 9 (Development Software) 
All packages allow Boolean and state state of each logic variable from logic and Section 10 (Third-party Programmer/ 
equation entry formats. SNAP, ABEL and equations (I, B, O, P, etc.) is assigned a Software Support) of this data handbook for 
CUPL also accept, as input, schematic symbol. The symbols for TRUE, additional information. 


capture format. 


“AND” ARRAY - (1), (B), (Qp) 


(Tre Fe) 


PROPAGATE 


Notes on following page. 
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“OR” ARRAY — (Q,, = D-Type) 


Th 


M = ENABLED “4 
O 
>< 


Tn STATUS CODE Tn STATUS 
ACTIVE (Set) rea INACTIVE (Reset) 


“OR” ARRAY - (Q,, = J-K Type) 


TOGGLE 


“OR” ARRAY - (S or B), (P), (R) 


Th 
| } > P,R,S 
(OR B) 


Tn STATUS Tn STATUS POLARITY | CODE | 


. . 
En 
ACTION CODE 


NOTES: 


. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
Any gate (T, Fo, L, P, R, D), will be unconditionally inhibited if both of the |, B, or Q links are left intact. 

To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T,, Fe. 

E, = OandE, = @ are logically equivalent states, since both cause F, outputs to be unconditionally enabled. 

These states are not allowed for control gates (L, P, R, D), due to their lack of “OR” array links. 


AR wOMs 
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Program unused Q, B, P, and R bits in the OR array as (-) 


or (A), as applicable. 


ground of entries corresponding to states of virgin links 
3. Unused Terms can be left blank. 


exists in the table, shown BLANK for clarity. 
2. Program unused C, |, B, and Q bits in the AND array as (-). 


1. The device is shipped with all links intact. Thus a back- 
4. Q(P) and Q (N) are respectively the present and next states 


NOTES 


ep TT ee eee ET EE EET EE TT x 


eT TT tet ete ETE ET 
ad 


O| x 
Pe | 
(@) 
jon 
Ee 

Wz 

alg 


ENABLE | « 
DISABLE | - 


CONTROL 


FECEEEREEEEEEEEE EEE EEE EEECERHEEESEECH 


F/F 
MODE 
(POL) 


JiK 
JKorD | A 


~ 


Oj a < 


eee OOS SG LNSINOD | CSL —CAS ~————S TIGL WVHDOUd 

G3AIS03y ALVd LYVd JO YSEIWWNN IWLOL 
# LYVd GSZIMOSGWAS HSWOLSND # 3OIARC SOILANDIS 
XXXX) 4d # Y3GHO SASWHOUNd 
SOILANDIS AG GALAIdWOO 3d OL NOILYOd SIHL SWVN YSWOLSNSD 


A 


OR 
———— lll! |C!!~C~<“‘<;<CS;7«S |S 


INACTIVE | _¢ 


ACTIVE 


INACTIVE | O 


i) 
= 
9 
< 
z 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


(LOGIC TERMS) (CONTROL TERMS) 
LoL 
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DESCRIPTION 

The PLS157 is a 3-State output, registered 
logic element combining AND/OR gate arrays 
with clocked J-K flip-flops. These J-K 
flip-flops are dynamically convertible to 
D-type via a “fold-back” inverting buffer and 
control gate Fe. It features 6 registered I/O 
outputs (F) in conjunction with 6 bidirectional 
I/O lines (B). These yield variable I/O gate 
and register configurations via control gates 
(D, L) ranging from 16 inputs to 12 outputs. 


The AND/OR arrays consist of 32 logic AND 
gates, 13 control AND gates, and 21 OR 
gates with fusible link connections for 
programming I/O polarity and direction. All 
AND gates are linked to 4 inputs (I), 
bidirectional I/O lines (B), internal flip-flop 
outputs (Q), and Complement Array output 
(C). The Complement Array consists of a 
NOR gate optionally linked to all AND gates 
for generating and propagating 
complementary AND terms. 


On-chip T/C buffers couple either True (I, B, 
Q) or Complement (I, B, Q, ©) input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. Any of the 
32 AND gates drives bidirectional I/O lines 
(B), whose output polarity is individually 
programmable through a set of Ex-OR gates 
for implementing AND-OR or AND-NOR logic 
functions. Similarly, any of the 32 AND gates 
can drive the J-K inputs of all flip-flops. The 
Asynchronous Preset and Reset lines (P, R), 
are driven from the AND array for 4 of the 8 
registers. The Preset and Reset lines (P, R) 
controlling the lower four registers are driven 
from the OR matrix. 


All flip-flops are positive edge-triggered and 
can be used as input, output or I/O (for 
interfacing with a bidirectional data bus) in 
conjunction with load control gates (L), 
steering inputs (I), (B), (Q) and 
programmable output select lines (E). 


The PLS157 is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 


Order codes are listed below. 


ORDERING INFORMATION 
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FEATURES PIN CONFIGURATIONS 
e fax = 14MHz 
— 18.2MHz clock rate N Package 


@ Field-Programmable (Ni-Cr link) 
® 4 dedicated inputs 

® 13 control gates 

@ 32 AND gates 

@ 21 OR gates 


@ 45 product terms: 
— 32 logic terms 
— 13 control terms 
® 6 bidirectional I/O lines 


® 6 bidirectional registers N = Plastic Dual In-Line Package (300mil-wide) 
@ J-K, T, or D-type flip-flops 


© 3-State outputs 


A Package 


® Asynchronous Preset/Reset 11 10 CLKVoc B5 
® Complement Array 

® Active-High or -Low outputs 

®@ Programmable OE control 

® Positive edge-triggered clock 

® |nput loading: —100LA (max.) 

© Power dissipation: 750mW (typ.) B3 GND DE B4 FO 


©@ TTL compatible A = Plastic Leaded Chip Carrier 


APPLICATIONS 


® Random sequential logic 

®@ Synchronous up/down counters 
® Shift registers 

® Bidirectional data buffers 

® Timing function generators 

®@ System controllers/synchronizers 


® Priority encoder/registers 


DESCRIPTION ORDER CODE DRAWING NUMBER 
20-Pin Plastic Dual In-Line Package (300mil-wide) PLS157N 0408B 
20-Pin Plastic Leaded Chip Carrier PLS157A 0400E 
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eae 
Pe | 


eat: 


Hl . 
alll 
ts 


gegiedg 


=—______ (LOGIC TERMS-T) —————————-8 &#——- (CONTROL TERMS) -————————_@ 


Sere ca 


kc 
ESE a 


Programmable connection. 


2. All other gates and control inputs with a blown link float to logic "1". 


3. © denotes WIRE-OR. 


1. All OR gate inputs with a blown link float to logic "0". 
4. 


LOGIC DIAGRAM 


NOTES: 
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FUNCTIONAL DIAGRAM 


(LOGIC TERMS) (CONTROL TERMS) 
P L 


a a ee 


t+ +¥ 
a “+1 x 
a 
ae 


VIRGIN STATE 3. All transition terms are disabled. LOGIC FUNCTION 
The factory shipped virgin device contains all 4 aj flip-flops are in D-mode unless 
fusible links intact, such that: Q3 Q2 Q1 Qo 
, ’ otherwise programmed to J-K only or J-K 
1. OE is always enabled. or D (controlled). Fa fo}afo| (x) me PRESENT STATE 


2. Preset and Reset are always disabled. 5. All B pins are inputs and all F pins are 
outputs unless otherwise programmed. 


STATE REGISTER 


coca. 


SET Qo:Jg = (Q3° Gp Q,°Up) A B-C... 
Ko = 0 


RESET Q;:J;=0 
Ky =(Q3° Gp °Q1,°Q9)'A°B-C... 
HOLD Qo: J2=0 
Kp =0 
TOGGLE Q3: J3 = (Q3°G2°Q1,°Q): AB 
Kg = (Qg* Up * Qy * Up) A-B 


NOTE: 
Similar logic functions are applicable for D 
and T mode flip-flops. 
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FLIP-FLOP TRUTH TABLE 


Uv 
x 
ei 
A 


X 
X 
L 
L 
L 
L 
H 
H 


x< 
Sy SS | 2 Sa 
KX KI Pie Sr reir =. 
Ss SNE ele oe Fr ri zc ee 
EG eile rls Er reix 
- Sir Tit rz ris xX 


x< 


NOTES: 
1. Positive Logic: J-K = Tp + T; + To ....... eee ee eee T31 
Th =O. (Ig-ly- Io...) - (Qo - Qy ...) - (Bo - By - ...) 
2. T denotes transition from Low to High level. 
3. X= Don't care 
4. * = Forced at F,, pin for loading the J-K flip-flop in the Input mode. The load control term, L, 
must be enabled (HIGH) and the p-terms that are connected to the associated flip-flop must 
be forced LOW (disabled) during Preload. 
AtP = R=H, Q=H. The final state of Q depends on which is released first. 
** = Forced at F, pin to load J-K flip-flop independent of program code (Diagnostic mode), 
3-State B outputs. 


on 


ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS 


Allowable thermal rise 75°C 
ambient to junction 


Output currents 
Operating temperature range 


T 


1. Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 
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DC ELECTRICAL CHARACTERISTICS 
0°C < Tam $ +75°C, 4.75V $ Veg $ 5.25V 


SYMBOL PARAMETER TEST CONDITION | MIN | TYP? | MAX | UNIT 


Input voltage? 


Vin High Voc = MAX V 
Vit Low Voc = MIN V 
Vic Clamp Voc = MIN, lin =-12mA -0.8 V 


Output voltage? 


Vou Hi gh = V 
Voi Low = 0.35 V 


hn High Vin = 5.5V <1 80 pA 
lit Low Vin = 0.45V —10 —100 pA 


Voc = MAX 
lo(orF) Hi-Z state® & Vout = 5.5V 
Vout = 0.45V ~140 
Short circuit? 7 Vout = OV 


co 


Capacitance 


Cin = 2. pF 
yn pF 


NOTES: 

All typical values are at Voc = 5V, Tamb = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one at a time. 

Icc is measured with the OE input grounded, all other inputs at 4.5V and the outputs open. 
Leakage values are a combination of input and output leakage. 

Measured with Vj applied to OE. 

Duration of short circuit should not exceed 1 second. 


Meas Sy 
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AC ELECTRICAL CHARACTERISTICS 
0°C < Tam $ +75°C, 4.75V < Voc $ 5.25V, Ry =470Q, Ro = 1kQ 


LIMITS 
SYMBOL PARAMETER FROM TESTCONDITION | MIN | TYP? | MAX | UNIT 


Clock Low 
Preset/Reset pulse 


Propagation delays 


Mos: | Ouputenabe® OE 
oc; | 


NOTES: 

1. All typical values are at Voc = 5V, Tanb = +25°C. 

2. To prevent spurious clocking, clock rise time (10% — 90%) < 10ns. 

3. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disabie times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vr = (Vo, + 0.5V) level with S; closed. 

4. When using the Complement Array tcxp = 95ns (min). 

5. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


INPUTS 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


NOTE: 


Input Pulses C1 and C2 are to bypass Vcc to GND. 
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TIMING DIAGRAMS 


1,8 
(INPUTS) 


F 
(OUTPUTS) 


Flip-Flop Outputs 


,B 
(INPUTS) 


oe 


B 
(OUTPUTS) 


1,B 
(OUTPUT 
ENABLE) 


Gate Outputs 


October 22, 1993 255 


TIMING DEFINITIONS 


Required delay between 
beginning of valid input and 
positive transition of clock. 


tCKH 
IcKL 
tcKP 
tPRH 


Required delay between 
beginning of valid input forced 
at flip-flop output pins, and 

positive transition of clock. 


Required delay between 
positive transition of clock and 
end of valid input data. 


ti 


Required delay between 
positive transition of clock and 
end of valid input data forced 

at flip-flop output pins. 


tie 


Delay between positive 
transition of clock and when 
outputs become valid (with 

OE Low). 


oy 
x 
(e) 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 


Propagation delay between 
combinational inputs and 
outputs. 


Delay between predefined 
Output Enable High, and 

when combinational outputs 
become valid. 


Delay between predefined 
Output Enable Low and when 
combinational outputs are in 

the OFF-State. 


Delay between positive 
transition of predefined 
Preset/Reset input, and 

when flip-flop outputs become 
valid. 


ae 
D 
@) 
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TIMING DIAGRAMS (Continued) 


,B 
(INPUTS) 


*PRESET RESET 


(Il, B INPUTS) 
(PRESET) Y = 
(RESET) [_ = 


F 
(OUTPUTS) . (PRESET) ), 
VoL 


* The leading edge of preset/reset must occur only when the input clock is “low’, and must remain “high" as long as 
required to override clock. The falling edge of preset/reset can never go “low” when the input clock is “high”. 


Asynchronous Preset/Reset 


+3V 


1,B 
OV 
+3V 
OE 
OV 


~ 
\ 


F 
top1 4s2 4H2 


CLK 


TWO ES 


Flip-Flop Input Mode 
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LOGIC PROGRAMMING PLS157 logic designs can also be generated COMPLEMENT, INACTIVE, PRESET, etc., 
The PLS157 is fully supported by industry using the program table entry format detailed are defined below. 

standard (JEDEC compatible) PLD CAD on the following pages. This program table 

tools, including Philips Semiconductors’ entry format is supported by the Philips 

SNAP, Data I/O Corporation’s ABEL™ and Semiconductors SNAP PLD design software PROGRAMMING AND 

Logical Devices Inc.'s CUPL™ design package only. SOFTWARE SUPPORT 

software packages. To implement the desired logic functions, the Refer to Section 9 (Development Software) 
All packages allow Boolean and state state of each logic variable from logic and Section 10 (Third-party Programmer/ 
equation entry formats. SNAP, ABEL and equations (I, B, O, P, etc.) is assigned a Software Support) of this data handbook for 


CUPL also accept, as input, schematic symbol. The symbols for TRUE, additional information. 
capture format. 


“AND” ARRAY - (1), (B), (Qp) 


c 
Cc 
(Ty; Fc) 


[e008 | 
[raanseanent | — 


(Tr Fe) 


[e008 | 
[Paceacare | « 


Notes on following page. 
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“OR” ARRAY — (Q,, = D-Type) 


Th 


M= ENABLED ¥ 7 
O 
>< 


Tn STATUS CODE Tp STATUS | CODE | 
acTivesey | A INACTIVE (Rese | © | 


“OR” ARRAY - (Q,, = J-K Type) 


M = DISABLED 4 
) O—S 


ACTION 
TOGGLE 


Th 
} » P,R,S 
(OR B) 


T, STATUS Tn STATUS POLARITY CODE 
ACTIVE! INACTIVE LOW 


En 


ACTION CODE AcTON | _CODE | 
CONTROL ENABLE4 pe | DISABLE 
NOTES: 


This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
Any gate (T, Fc, L, P, R, D), will be unconditionally inhibited if both of the |, B, or Q links are left intact. 

To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T,, Fe. 

E, = O and E, = e are logically equivalent states, since both cause F, outputs to be unconditionally enabled. 

These states are not allowed for control gates (L, P, R, D), due to their lack of “OR” array links. 


Pon = 
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PROGRAM TABLE 


POLARITY 


(—). Program unused Q, B, P, and R bits in the OR array 


as (-) or (A), as applicable. 


ground of entries corresponding to states of virgin links 
3. Unused Terms can be left blank. 


exists in the table, shown BLANK for clarity. 
2. Program unused C, I, B, and Q bits in the AND array as 


4. Q/(P) and Q (N) are respectively the present and next 
states of flip-flops Q. 


NOTES 
1. The device is shipped with all links intact. Thus a back- 


< 
i 
Oo 
oc 
= 
Zz 
O 
O 


ENABLE | e 
DISABLE | — 


CONTROL 


Lu 
—_ 
Q 
Lu 
a) 
fe) 
= 


uw 
i 
iL 


JKorD | A 


~ SLNSWWOD # 31EVl NVYSOud 
Q3SAI53034 3LVG LYVd 40 YASEWNN IWLOL 
# LYVd GAZIOGWAS YAWOLSND # JOIAAG SOILANDIS 


XXXX) 49 | 7 # B3AGHO ASVWHOUNA 


INACTIVE 


SOILANDIS AG GALATdMNOS 3d OL NOILYOd SIHL AWVN YSAWOLSNO 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


(LOGIC TERMS) (CONTROL TERMS) 
iL 
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DESCRIPTION FEATURES PIN CONFIGURATIONS 
The PLS159A is a 3-State output, registered = @ High-speed version of PLS159 

logic element combining AND/OR gate arrays N Package 
with clocked J-K flip-flops. These J-K © fuax = 18MHz 

flip-flops are dynamically convertible to — 25MHz clock rate 


D-type via a “fold-back” inverting buffer and : esas gs 
control gate Fe. It features 8 registered I/O © Field-Programmable (NI-Cr link) 
outputs (F) in conjunction with 4 bidirectional © 4 dedicated inputs 

I/O lines (B). These yield variable I/O gate 

and register configurations via control gates © 13 control gates 

(D, L) ranging from 16 inputs to 12 outputs. ®@ 32 AND gates 


The AND/OR arrays consist of 32 logic AND © 21 OR gates 
gates, 13 control AND gates, and 21 OR 

gates with fusible link connections for © 45 product terms: 
programming |/O polarity and direction. All — 32 logic terms 
AND gates are linked to 4 inputs (I), 
bidirectional I/O lines (B), internal flip-flop 
outputs (Q), and Complement Array output ®@ 4 bidirectional I/O lines 
(C). The Complement Array consists of a 
NOR gate optionally linked to all AND gates 
for generating and propagating @ J-K, T, or D-type flip-flops 
complementary AND terms. 


— 13 control terms 


N = Plastic Dual In-Line Package (300mil-wide) 


@ 8 bidirectional registers 


®@ Power-on reset feature on all flip-flops 
On-chip T/C buffers couple either True (I, B, (F, = 1) A Package 
Q) or Complement (I, B, , C) input polarities 


to all AND gates, whose outputs can be © Asynchronous Preset/Reset 


optionally linked to all OR gates. Any of the © Complement Array 
32 AND gates can drive bidirectional I/O lines 
(B), whose output polarity is individually ® Active-High or -Low outputs 


programmable through a set of Ex-OR gates 
for implementing AND-OR or AND-NOR logic 
functions. Similarly, any of the 32 AND gates  ® Positive edge-triggered clock 
can drive the J-K inputs of all flip-flops. There = ¢ ne 

are 4 AND gates for the Asynchronous ppRcieenag ner ea) 
Preset/Reset functions. © Power dissipation: 750mW (typ.) 


® Programmable OE control 


;, - ; B3 GND OE FO F1 
All flip-flops are positive edge-triggered and ® TTL compatible 


can be used as input, output or I/O (for 
interfacing with a bidirectional data bus) in 
conjunction with load control gates (L), 
steering inputs (I), (B), (Q) and 
programmable output select lines (E). APPLICATIONS 


The PLS159A is field-programmable, ® Random sequential logic 
enabling the user to quickly generate custom 
patterns using standard programming 

equipment. ® Shift registers 


® 3-State outputs A = Plastic Leaded Chip Carrier 


®@ Synchronous up/down counters 


® Bidirectional data buffers 
® Timing function generators 
® System controllers/synchronizers 


® Priority encoder/registers 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE DRAWING NUMBER 
20-Pin Plastic Dual In-Line Package (300mil-wide) PLS159AN 0408D 
20-Pin Plastic Leaded Chip Carrier PLS159AA 0400E 
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Programmable connection. 
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1. All OR gate inputs with a blown link float to logic "0". 


LOGIC DIAGRAM 


NOTES: 
4. 
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FUNCTIONAL DIAGRAM 


(LOGIC TERMS) (CONTROL TERMS) 
Pp Re Pa Ra lp la 


: 
1) 
rs 
cs 
< 


LOGIC FUNCTION FLIP-FLOP TRUTH TABLE NOTES: 
1. Positive Logic: ‘ . 
=FN SQ 1 ED cise sets cneces sreiere 31 

2 SS Th = ©- (10-11 « 12...) + {Qg« Oy 05 
Fa fofs fo | (sn ) PRESENT STATE BO-Bi-..) 

2. | denotes transition from Low to High level. 
STATE REGISTER R-BC:... 3. X = Don'tcare 

4. * = Forced at F, pin for loading the J-K 


flip-flop in the Input mode. The load 
control term, L, must be enabled (HIGH) 
and the p-terms that are connected to the 
associated flip-flop must be forced LOW 
(disabled) during Preload. 

5. AtP =R=H, Q=H. The final state of Q 
depends on which is released first. 

6. ** = Forced at F, pin to load J-K flip-flop 
independent of program code (Diagnostic 
mode), 3-State B outputs. 


H L 
noone 
L H 
SET Qo: Jp = (Q3.° G2* Q,°G)°A'B-C... 
Ky =0 
RESET Qy: 54 =0 
K1 =(Q3° Gp°Q,°G)'A-B-C... 
HOLD Qo: J2 =0 
K2=0 
TOGGLE Q3: J3 = (Q3° Go°Q,°Q9)°A-B'C... 
K3 = (Q3° G2 -Qy°Q9)'A-B-C... 


NOTE: 
Similar logic functions are applicable for D 
and T mode flip-flops. 
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VIRGIN STATE CAUTION: PLS159A THERMAL RATINGS 
The factory shipped virgin device contains all PROGRAMMING ALGORITHM TEMPERATURE 
fusible links intact, such that: The programming voltage required to 

1. OE is always enabled. program the PLS159A is higher (17.5V) than 

2. Preset and Reset are always disabled. that required to program the PLS159 (14.5V). 

3. All transition terms are disabled. Consequently, the PLS159 programming 

4. All flip-flops are in D-mode unless San We NGL pig ian Stee. 


Please exercise caution when accessing 
programmer device codes to insure that the 
correct algorithm is used. 


otherwise programmed to J-K only or J-K 
or D (controlled). 


5. All B pins are inputs and all F pins are 
outputs unless otherwise programmed. 


ABSOLUTE MAXIMUM RATINGS? 


SYMBOL PARAMETER 


i Sica mAMRR fal 
a 
A 
a 
a 

a 

5 


Output currents 
Tamb Operating temperature range 
Storage temperature range 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at 
these or any other condition above those indicated in the operational and programming specification of the device is not implied. 
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DC ELECTRICAL CHARACTERISTICS 
0°C < Tamb S$ +75°C, 4.75V < Vog $ 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION | MIN | TYP? | MAX | UNIT 


Input voltage? 


Vin High Voc = MAX V 
Vit Low Voc = MIN V 
Vic Clamp Voc = MIN, lin =—12mA -0.8 Vv 


Output voltage? 


Vou High Voc = MIN, lou =—2mA V 
Voi Low lo. = 10mMA V 
Li High Voc = MAX, Vin = 5.5V <1 80 pA 
lit Low Vin = 0.45V —10 —100 pA 


Output current 


lo(oFF) Hi-Z state* 7 Voc = MAX, Vout = 5.5V 
Vout = 0.45V ~140 
Short circuit? > Vout = OV 


a eT 


Capacitance 


Cin Vec = 5.0V, Vin = 2.0V 8 pF 
Court Vout = 2.0V 15 pF 
NOTES: 
. All typical values are at Voc = 5V, Tamb = +25°C. 
. All voltage values are with respect to network ground terminal. 


1 
2 
3. Test one ata time. 

4. Measured with Vi applied to OE. 
5 

6 

Z 


. Duration of short circuit should not exceed 1 second. 
. lec is measured with the OE input grounded, all other inputs at 4.5V and the outputs open. 
. Leakage values are a combination of input and output leakage. 
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AC ELECTRICAL CHARACTERISTICS 
0°C < Tamb $ +75°C, 4.75V < Vog $ 5.25V, Ry =4700, Ro = 1kQ 


re 
Input (through F,) 


Input (through 
Complement Array)* (1,B) + 


Input (through F,) 


Output enable 


OF 


Power-on/preset 


Clock CK + 
+ 


2. To prevent spurious clocking, clock rise time (10% — 90%) < 10ns. 

3. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S; closed. 

4. When using the Complement Array texp = 75ns (min). 

5. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


OUTPUTS 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 


of inputs and outputs, unless otherwise specified. NOTE: 


C1 and Co are to bypass Vcc to GND. 


Input Pulses 
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TIMING DIAGRAMS 


1,8 
(INPUTS) 


F 
(OUTPUTS) 


Flip-Flop Outputs 


,B 
(INPUTS) 


B 
(OUTPUTS) 


1,B 
(OUTPUT 
ENABLE) 


Gate Outputs 


Vcc 


F 
(OUTPUTS) 


,B 
(INPUTS) 


'CKH 


tCKP 


Power-On Reset 
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TIMING DEFINITIONS 


Required delay between 
beginning of valid input and 
positive transition of clock. 


ICKH 
teKL 
tcKp 

AH 


tp 


Required delay between 
beginning of valid input forced 
at flip-flop output pins, and 

positive transition of clock. 


tise 


Required delay between 
positive transition of clock and 
end of valid input data. 


tH 


Required delay between 
positive transition of clock and 
end of valid input data forced 
at flip-flop output pins. 


tiH2 


Delay between positive 
transition of clock and when 
outputs become valid (with 


OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 


Delay between Vcc (after 
power-on) and when flip-flop 
outputs become preset at “1” 
(internal Q outputs at “O”). 


tppR 


Propagation delay between 
combinational inputs and 
outputs. 


Delay between predefined 
Output Enable High, and 

when combinational outputs 
become valid. 


oy 
Ny 


Delay between predefined 
Output Enable Low and when 
combinational outputs are in 

the OFF-State. 


Delay between positive 
transition of predefined 
Preset/Reset input, and 

when flip-flop outputs become 
valid. 
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TIMING DIAGRAMS (Continued) 


1,B 
(INPUTS) 


A yy 


4s1 


PRESET/RESET 


(I, B INPUTS) 


(PRESET) 
Na (RESET) 


Q 


ae STE wins GMP cue eve com Vv 
(RESET) \ On 
1.5V 


1.5V 
PRESE 


* Preset and Reset functions override Clock. However, F outputs may glitch with the first positive Clock Edge if tis 
cannot be guaranteed by the user. 


F 
(OUTPUTS) 


Asynchronous Preset/Reset 


+3V 


1B 
ov 
+3V 
OE 
ov 


oat 
\ 


F 
a < Cl 
4s2 qH2 


top1 


CLK 


WORE 


Flip-Flop Input Mode 
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LOGIC PROGRAMMING PLS159A logic designs can also be COMPLEMENT, INACTIVE, PRESET, etc., 
The PLS159A is fully supported by industry generated using the program table entry are defined below. 

standard (JEDEC compatible) PLD CAD format detailed on the following pages. This 

tools, including Philips Semiconductors’ program table entry format is supported by 

SNAP, Data I/O Corporation's ABEL™ and the Philips Semiconductors SNAP PLD PROGRAMMING AND 

Logical Devices Inc.'s CUPL™ design design software package. SOFTWARE SUPPORT 

software packages. To implement the desired logic functions, the Refer to Section 9 (Development Software) 
All packages allow Boolean and state state of each logic variable from logic and Section 10 (Third-party Programmer/ 
equation entry formats. SNAP, ABEL and equations (I, B, O, P, etc.) is assigned a Software Support) of this data handbook for 


CUPL also accept, as input, schematic symbol. The symbols for TRUE, additional information. 
capture format. 


“AND” ARRAY - (1), (B), (Qp) 


(T, Fc, L P, R, D)n (T, Fc, UP, R, D)n 


STATE | CODE | STATE 
INACTIVE? 2 | 6 DON’T CARE 


(Tn; Fo) (Th; F c) 


ACTION | CODE | ACTION 
INACTIVE?» 3 5 eS PROPAGATE 


ENABLED ¥ 7 

O) 
—: 
a, 


ACTION CODE Tn STATUS CODE Tn STATUS CODE 
eee acre sey* | A | INACTIVE (Reset) | © | 


Notes on following page. CAUTION: 
THE PLS159A Programming Algorithm is different from the PLS159. 
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“OR” ARRAY - (Q, = J-K Type) 


“OR” ARRAY - (S or B) 


Tn 


[asmaus | cone | 
[—acwve [A 


[rouanny | 600e 
#1 


En 


[—roxamry | 2o0e | 


T, STATUS 


INACTIVE 


<s 
[—osaete [= 


NOTES: 

This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
Any gate (T, Fc, L, P, R, D), will be unconditionally inhibited if both of the |, B, or Q links are left intact. 

To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Ty, Fc. 

E, = Oand E, = e are logically equivalent states, since both cause F, outputs to be unconditionally enabled. 

These states are not allowed for control gates (L, P, R, D),, due to their lack of “OR” array links. 


a 2 NS 
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Program unused Q, B, P, and R bits in the OR array as (—) 


or (A), as applicable. 


ground of entries corresponding to states of virgin links 
3. Unused Terms can be left blank. 


exists in the table, shown BLANK for clarity. 
2. Program unused C, |, B, and Q bits in the AND array as (-). 


1. The device is shipped with all links intact. Thus a back- 
4. Q(P) and Q (N) are respectively the present and next states 


NOTES 


O| < 
oul 
oO 
jem 
= 

ai 

al 8 


ENABLE | « 
DISABLE | - 


~ 


CONTROL 
tO 
F/F 
MODE 


JiK 
JKorD | A 


SLNAWNOO dLVd Ad 
QSAI9Z034Y ALVG LYVd dO Y 
# LUYVd GAZIIOGWAS YAWOLSNSD #3 


Programmable logic sequencer 


(16 x 45 x 12) 


INACTIVE 
DON'T CARE 


PROGRAM TABLE 


~ 


fo] s] 7] 6{ 19] 18] 17] 16) 15] 14 [13 [12] 


rm WwW 1) a < at 


# J18VLl WVYSDO0u"d 


AgEWNN WLOL 
JIAAG SdIiHd 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


(CONTROL TERMS) 
Pp Rp Pa Ra lp la 


a 
2S > ee ee ee a ee a a a 
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DESCRIPTION 

The PLS167 and PLS167A are bipolar, 
Programmable Logic State machines of the 
Mealy type. The Programmable Logic 
Sequencers (PLS) contain logic AND/OR 
gate arrays with user programmable 
connections which control the inputs of 
on-chip State and Output Registers. These 
consist respectively of 8 Qp, and 4 Qr 
edge-triggered, clocked S/R flip-flops, with an 
asynchronous Preset Option. 


All flip-flops are unconditionally preset to “1” 
during power turn-on. 


The AND array combines 14 external inputs, 
0-13, with 8 internal inputs, PO-7, fed back 
from the State Register to form up to 48 
transition terms (AND terms). In addition, PO 
and P1 of the internal State Register are 
brought off-chip to allow extending the Output 
Register to 6 bits, if so desired. 


All transition terms can include True, False, 
or Don't Care states of the controlling 
variables, and are merged in the OR array to 
issue next-state and next-output commands 
to their respective registers on the 
Low-to-High transition of the Clock pulse. 


Both True and Complement transition terms 
can be generated by optional use of the 
internal variable (C) from the Complement 
Array. Also, if desired, the Preset input can 
be converted to output-enable function, as an 
additional user programmable option. 


Order codes are listed in the Ordering 
Information Table. 


ORDERING INFORMATION 


28-Pin Plastic Leaded Chip Carrier 


October 22, 1993 


FEATURES 

@® PLS167 
— fax = 13.9MHz 
— 20MHz clock rate 


® PLS167A 
— faax = 20MHz 
— 25MHz clock rate 


® Field-Programmable (Ni-Cr link) 

@ 14 True/Complement buffered inputs 
© 48 programmable AND gates 

@ 25 programmable OR gates 

© 8-bit State Register 

® 2-bit shared State/Output Register 

@ 4-bit Output Register 

® Transition Complement Array 


® Programmable Asynchronous 
Preset/Output Enable 


® Positive edge-triggered clock 
® Power-on preset to logic “1” of all registers 


® Automatic logic “HOLD” state via S/R 
flip-flops 


® On-chip Test Array 

®@ Power: 600mW (typ.) 
@ TTL compatible 

®@ 3-State outputs 


® Single +5V supply 


APPLICATIONS 


® Interface protocols 

® Sequence detectors 
® Peripheral controllers 
® Timing generators 

® Sequential circuits 


® Security locking systems 


DESCRIPTION ORDER CODE DRAWING NUMBER 
24-Pin Plastic Dual In-Line Package (300mil-wide) PLS167N, PLS167AN 0410D 
PLS167A, PLS167AA 0401F 
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PIN CONFIGURATIONS 


N Package 


N = Plastic Dual In-Line Package (300mil-wide) 


A Package 


Fi F2 GND F3 PO P1 PR/OE 


A = Plastic Leaded Chip Carrier 
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FUNCTIONAL DIAGRAM 


PIN DESCRIPTION 


| PINNO. | SYMBOL NAME AND FUNCTION POLARITY 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this Active-High 
line is necessary to update the contents of both registers. 


Logic Inputs: The 13 external inputs to the AND array used to program jump conditions Active-High/Low 
between machine states, as determined by a given logic sequence. 


Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when Active-High/Low 
exercised with standard TTL levels. When I0 is held at +10V, device outputs FO —3 and 

PO — 1 reflect the contents of State Register bits P2 — 7 (see Diagnostic Output Mode 

diagram). The contents of flip-flops PO — 1 and FO — 3 remain unaltered. 


Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents of Active-High 
Output Register bits Qo _ 3, when enabled. When 10 is held at +10V, FO — 3 = (P2 — 5). 


Logic/Diagnostic Outputs: Two register bits with shared function as least Significant Active-High 
State Register bits, or most significant Output Register bits. When lo is held at +10V, 
PO —1 =(P6—-7). 


Preset or Output Enable Input: A user programmable function: 


Preset: Provides an Asynchronous Preset to logic “1” of all State and Output Register Active-High (H) 
bits. Preset overrides Clock, and when held High, clocking is inhibited and PO — 7 and 

FO —3 are High. Normal clocking resumes with the first full clock pulse following a 

High-to-Low clock transition, after Preset goes Low. 


e Output Enable: Provides an Output Enable function to all output buffers. Active-Low (L) 
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LOGIC DIAGRAM 


= 
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NOTES: 


R gate inputs with a blown fuse float to logic “O”. 


All AND gate inputs with a blown link float to a logic “1”. 
=: Programmable connection. 


1. 
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TRUTH TABLE 1: 2 3, 4, 5,6 


<x<1o7 Mm DIK KOKI XK OK OK 
<x DZ er rl cK cK hKIiK K XK 
<ixm er tL el cK cK whi K zK OX 


1. Positive Logic: 
S/R =To + T; +To+. . . 147 
Tp = C(l0 1112...) (POP1...P7) 
2. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. 
The desired function is a user-programmable option. 
T denotes transition from Low-to-High level. 
R = S = High is an illegal input condition. 
“=H orLor +10V. 
X = Don't Care (<5.5V) 


Oak e 


ABSOLUTE MAXIMUM RATINGS" 


| 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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LOGIC FUNCTION 


Typical State Transition: 


Q2 Qi QO 
(se ) PRESENT STATE 
STATE REGISTER A-B-C-... 


SET Qo: Sg = Qa * Qy °°) A°B-C... 
Ro =0 


RESET Q4:S;=0 
Ry=(Go‘Q,°G)°A'B-C... 


HOLD Qo: Sp = 0 
Rg=0 


VIRGIN STATE 


The factory shipped virgin device contains all 
fusible links intact, such that: 


1. 


- oN 


PR/CE option is set to PR. Thus, all 
outputs will be at “1”, as preset by initial 
power-up procedure. 

All transition terms are disabled (0). 

All S/R flip-flop inputs are disabled (0). 
The device can be clocked via a Test 
Array pre-programmed with a standard 
test pattern. 

NOTE: The Test Array pattern MUST be 
deleted before incorporating a user 
program. This is accomplished 
automatically by any Philips 
Semiconductors qualified programming 
equipment. 


THERMAL RATINGS 


TEMPERATURE 


Maximum ambient 


Allowable thermal rise 
ambient to junction 


Philips Semiconductors Programmable Logic Devices Product specification 
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DC ELECTRICAL CHARACTERISTICS 
0°C < Tamb $ +75°C, 4.75V < Voc < 5.25V 


SYMBOL PARAMETER TEST CONDITION 


Input voltage? 


Voc = MAX 
Voc = MIN 
Voc = MIN, lin =-12mMA 


Output voltage? 


Voc = MIN 
Vou High* lon =-—2mA 
Vor Low5 lot =9.6mA 


High Vin = 5.5V 


Low Vin = 0.45V 
Low (CK input) Vin = 0.45V 


Output current 


Voc = MAX 

lo(OFF) Hi-Z state> & Vout = 5.5V 
Vour = 0.45¥ 

Short circuit?: 7 Vout = OV 


a eo 


Capacitance® 


Cin 
Court 


ae 

All typical values are at Voc = 5V, Tanb = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one ata time. 

Measured with Vi_ applied to OE and a logic high stored, or with Vy applied to PR. 

Measured with a programmed logic condition for which the output is at a low logic level, and V_ applied to PR/OE Output sink current is 
supplied through a resistor to Vcc. 

Measured with Vy applied to PR/OE. 

Duration of short circuit should not exceed 1 second. 

Icc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 


aS Op = 


ONO 
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AC ELECTRICAL CHARACTERISTICS 
R; = 4702, Ro = 1kQ, Cy = 30pF, °C < Tam $ +75°C, 4.75°CV < Veg < 5.25V 


LIMITS 
SYMBOL PARAMETER TO PLS167 PLS167A UNIT 
pMin | typ! | max | MIN | TYP! | MAX 
CK + CK— 25 15 20 15 
CK — CK + 25 15 20 15 
CK + CK + 50 30 40 30 
PR + PR- 25 15 25 15 


Clock? High 
Clock Low 

Clock Period 
Preset pulse 


Input 
Input 
Input 
Input (through Complement Array) 


Input (through Complement Array) 


Input (through Complement Array) 


Power-on preset 
Preset 


pt | impute | Impure | S| to | Ss | Ss 


Propagation delay 


Clock Output + 
Output enable* Output — 
Output disable* Output + 
Preset Output + 


Power-on preset Output + 


Frequency of operation? 


fuaxC Without Complement Array 13.9 20.0 MHz 
fuaxC With Complement Array 9.8 12.5 MHz 
Nai 
All typical values are at Voc = 5V, Tam = +25°C. 
To prevent spurious clocking, clock rise time (10% — 90%) < 30ns. 
See “Speed vs. OR Loading” diagrams. 
For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 


closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy —0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S; closed. 


-fONM— 


TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 


10% 
a 
~ ade = 5n 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


OUTPUTS 


NOTE: 
C1 and Co are to bypass Vcc to GND. 


Input Pulses 


October 22, 1993 278 


Philips Semiconductors Programmable Logic Devices Product specification 


Programmable logic sequencers 
(14 x 48 x 6) PLS167/A 


TIMING DIAGRAMS TIMING DEFINITIONS 


SYMBOL PARAMETER 
| tckH | Width of input clock pulse. 


tox, | Interval between clock pulses. 


tCKH 
teKL 
tcKP 
tvs 
tH 
tcko 
toe 
tpR 


Minimum guaranteed clock 
period. 


Required delay between 
beginning of valid input and 
positive transition of clock. 


Required delay between 
beginning of valid input and 
positive transition of clock, 
when using optional 
Complement Array (two 
passes necessary through the 
AND array). 


Required delay between Vcc 
(after power-on) and negative 
transition of clock preceding 

first reliable clock pulse. 


Flip-Flop Outputs 


Required delay between 
negative transition of 
asynchronous Preset and 
negative transition of clock 
preceding first reliable clock 
pulse. 


tprRs 


Required delay between 
positive transition of clock and 
end of valid input data. 


Delay between positive 
transition of clock and when 
outputs become valid (with 

PR/OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


tpR 


Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 


Delay between input Io 
transition to Diagnostic mode 
and when the outputs reflect 
the contents of the State 

Register. 


Asynchronous Preset 


tsRD 


Voc 


om. UW 


Delay between input Ig 
transition to Logic mode and 
when the outputs reflect the 
contents of the Output 

Register. 


Delay between positive 


transition of Preset and when 
outputs become valid at “1”. 


Delay between Vcc (after 
power-on) and when outputs 
become preset at “1”. 


Width of preset input pulse. 


f Minimum guaranteed 
MAX operating frequency. 


4s 


Power-On Preset 
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TIMING DIAGRAMS (Continued) 


8.0V 
1.5V 


10 1.5V 1.5V ' 


INTERNAL “= 
STATE REG. 


P, F 


Diagnostic Output Mode 


SPEED VS. “OR” LOADING 


The maximum frequency at which the PLS 
can be clocked while operating in sequential 
mode is given by: 


(1/fMax) = tcy = tis + tcko 


This frequency depends on the number of 
transition terms T, used. Having all 48 terms 
connected in the AND array does not 
appreciably impact performance; but the 
number of terms connected to each OR line 
affects tis, due to capacitive loading. The 
effect of this loading can be seen in Figure 1, 
showing the variation of tis; with the number TERMS CONNECTED/OR 
of terms connected per OR. 


The PLS167 AC electrical characteristics 
contain three limits for the parameters tis; 
and tiso (refer to Figure 1). The first, tis;, is 
guaranteed for a device with 48 terms 
connected to any OR line. tig1g is guaranteed 
for a device with 32 terms connected to any 
OR line. And tisic is guranteed for a device 
with 24 terms conntected to any OR line. 


The three other entries in the AC table, tiso A, 
B, and C are corresponding 48, 32, and 24 
term limits when: using the on-chip 
Complement Array. 


The PLS167A AC electrical characteristics 
contain two limits for the parameters tig; and 
tiso (refer to Figure 2). The first, tigi, is 
guaranteed for a device with 24 terms 
connected to any OR line. tis;g is guaranteed 


for a device with 16 terms connected to an 
OR line. j Terms/OR Connected 


Terms/OR Connected 


TERMS CONNECTED/OR 
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Figure 1. PLS167 ts; vs. 


Figure 2. PLS167A ts; vs. 


The two other entries in the AC table, tiso A 
and B are corresponding 24 and 16 term 
limits when using the on-chip Complement 
Array. 


The worst case of tis for a given application 
can be determined by identifying the OR line 
with the maximum number of T, connections. 
This can be done by referring to the inter- 
connect pattern in the PLS logic diagram, 
typically illustrated in Figure 3, or by counting 
the maximum number of “H” or“L’” entries in 
one of the columns of the device Program 
Table. 


This number plotted on the curve in Figure 1 
or Figure 2 will yield the worstcase tis and, by 
implication, the maximum _— clocking 


frequency for reliable operation. 


Note that for maximum speed all UNUSED 
transition terms should be disconnected from 
the OR array. 


TRANSITION TERMS T, 


Figure 3. Typical OR Array 
Interconnect Pattern 
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LOGIC PROGRAMMING 

The PLS167/A devices are fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors’ 
SNAP design software package. ABEL™ 
CUPL™ and PALASM@ 90 design software 
packages also support the PLS167/A 
architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PRESET/OE OPTION - (P/E) 


PR/OE 
p 
E=1 
(ALWAYS 
a ENABLED) 


PRESET! 


PLS167/A logic designs can also be 
generated using the program table entry 
format detailed on the following pages. This 
program table entry format is supported by 
the Philips Semiconductors SNAP PLD 
design software package. 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


P=0 
(PRESET 
DISABLED) 


L 


PROGRAMMING: 


PROGRAMMING AND 
SOFTWARE SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 
Software Support) of this data handbook for 
additional information. 


The PS167/A has a power-up preset feature. This feature insures that the device will power-up ina 
known state with all register elements (State and Output Register) at logic High (H). When 
programming the device it is important to realize this is the initial state of the device. You must 


provide a next state jump if you do not wish to use all Highs (H) as the present state. 


“AND” ARRAY - (1), (P) 


i,p 
,P 
iP 
Th 


[state [cove] 
[o 


INACTIVE! 2 


“OR” ARRAY —(N), (F) 


Th 
“+ > 0 
ni 


| ACTION | CODE 
|_inactive®® | 


GENERATE 


NOTES: 


PROPAGATE 


1. This is the initial unprogrammed state of all links. 
2. Any gate T, will be unconditionally inhibited if both the true and complement of any input (|, P) are left intact. 
3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T, (see 


flip-flop truth tables). 


4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T,. 
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PROGRAM TABLE 


OUTPUT hdd, 


OPTION (P/E) 


NEXT STATE (Ns)_ 


A 


2) 
x 
c 
< 
= 
uu 
c 


TRANSPARENT! 


GENERATE 
PROPAGATE 
DON'T CARE 


PROGRAM TABLE ENTRIES 
INACTIVE 


PRESENT STATE (Ps) 


CF (XXXX) 


CUSTOMER SYMBOLIZED PART # 
TOTAL NUMBER OF PARTS 


INPUT (Imm) 


CUSTOMER NAME 
PURCHASE ORDER # 
PHILIPS DEVICE # 
PROGRAM TABLE 


ACEP EEE EEE EEE EEE 


me CREAN ERE RARER RRR RARER 


SCPE 


SOARRUANAEAARURUAENAGORENONAEUOALOD 


SILT T TTT TTT TTT TTT TE 
! 


SOUR RARER ARERR RRR RR RRR RR RARE RRR RRRRRRRR RRR REEEE 


RRS RES EEL AERC ERRRERORERR SERENE 


SHUAIHEUUSLNGELGHEGHEGESGHSGLSGESOESGESAESRESRESE 


TTT TTT TTT TTT TT TT Sf ef 
TTTTT TTT TTT TTT TT TET ET ET 
SULT TTT TTT 


Pp et 
r 


The device is shipped with all links initially intact. Thus, a background of “0” for all Terms, and an “H” for the P/E option, exists in the table, 


shown BLANK instead for clarity. 


2. Unused Cp, Im, and Pg bits are normally programmed Don't Care (-). 
3. Unused Transition Terms can be left blank for future code modification, or programmed as (—) for maximum speed. 


NOTES: 


1; 


4. Letters in variable fields are used as identifiers by logic type programmers. 
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TEST ARRAY 


The PLS may be subjected to AC and DC 
parametric tests prior to programming via an 
on-chip test array. 


(In + Frn)/Fn 


The array consists of test transition terms 48 
and 49, factory programmed as shown 
below. 


Testing is accomplished by clocking the PLS 
and applying the proper input sequence to ; 


a on FF, 
lo-13 as shown in the test circuit timing (n+ FrvFn 


diagram. 
State Diagram 


PLS Under Test 


ae 
“hw Ee INPUT (im) PRESENT STATE (Ps) NEXT STATE (Ns) OUTPUT (Fr) 
3/2/1/o/9]s8l7]675]4]3]/2T1]10|7/f615]4]13]21110| |7]6]5la[3]l211lo/3]211]10 
FHT H|H]H/H]H{H/ HTH H] HTH] H|H|H/H{H{H/H|H[H|H | L 
pL efepepepefefeyeye{eyepef{e{efe{e{efefef{e{e]} [a[wf[ufu[H[a[Hx[u[u[afu] nl 


Test Array Program 


Both terms 48 and 49 must be deleted 
during user programming to avoid interfering 
with the desired logic function. This is 
accomplished automatically by any 
Signetic’s qualified programming equipment. 


STATE 
REGISTER 


OPTION (P/E) | H 


NEXT STATE (Ns) OUTPUT (Fr) 


Test Array Deleted 
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DESCRIPTION FEATURES PIN CONFIGURATIONS 
The PLS168 and the PLS168A are bipolar, ® PLS168 
Programmable Logic State machines of the — fay = 13.9MH 
Mealy type. They contain logic AND/OR gate MAX = [9.0NINZ 
arrays with user programmable connections — 20MHz clock rate 
which control the inputs of on-chip Stateand e@p,sj16gA 

Output Registers. These consist respectively 


N Package 


of 10 Qp, and 4 Q¢ edge-triggered, clocked = fax = 20MHz 

S/R flip-flops, with an Asynchronous Preset — 25MHz clock rate 

en © Field-Programmable (Ni-Cr link) 

All flip-flops are unconditionally preset to “1” © 12 True/Complement buffered inputs 


during power turn-on. 


. ® 48 programmable AND gates 
The AND array combines 12 external inputs, 


l0-11, with 10 internal inputs, PO-9, fed back ® 29 programmable OR gates 
from the State Register to form up to 48 


© 10-bi 
transition terms (AND terms). In addition, 10-bit State Register 


PO—P3 of the internal State Register are @ 4-bit shared State/Output Register 
brought off-chip to allow extending the Output . ; 
i's @ 4- 
Register to 8 bits, if so desired. Sra raulpht agra N = Plastic DIP (300mil-wide) 
All transition terms can include True, False, © Transition Complement Array A Pack 
or Don't Care states of the controlling ® Programmable Asynchronous nae 
variables, and are merged in the OR array to Preset/Output Enable 
issue next-state and next-output commands 7 
to their respective registers on the ® Positive edge-triggered clock 


Low-to-High transition of the Clock pulse. © Power-on preset to logic “1” of all registers 


Both True and Complement transition terms 
can be generated by optional use of the 
internal variable (C) from the Complement 
Array. Also, if desired, the Preset input can ® On-chip Test Array 
be converted to output-enable function, as an 

’ & . 
additional user programmable option. FEC REATINY 1?) 


® Automatic logic “HOLD” state via S/R 
flip-flops 


Order codes are listed in the Ordering © TTL compatible 


Information table below. ® 3-State outputs F2 F3 GND po P1 P2 P3 


i + u La i 
® Single +5V supply A = Plastic Leaded Chip Carrier 


APPLICATIONS 


® Interface protocols 

® Sequence detectors 

® Peripheral controllers 

®@ Timing generators 

® Sequential circuits 

® Security locking systems 
® Counters 


® Shift registers 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE DRAWING NUMBER 
24-Pin Plastic DIP (300mil-wide) PLS168N, PLS168AN 
28-Pin Plastic Leaded Chip Carrier PLS168A, PLS168AA 
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FUNCTIONAL DIAGRAM 


= 


NAME AND FUNCTION POLARITY 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this Active-High 
line is necessary to update the contents of both registers. 


Logic Inputs: The 11 external inputs to the AND array used to program jump conditions Active-High/Low 
between machine states, as determined by a given logic sequence. 


Logic/Diagnostic Input: A 12th external logic input to the AND array, as above, when Active-High/Low 
exercised with standard TTL levels. When 10 is held at +10V, device outputs F2 — F3 and 

PO — P3 reflect the contents of State Register bits P4 — 9 (see Diagnostic Output Mode 

diagram). The contents of flip-flops PO — 1 and FO — 3 remain unaltered. 


Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents of Active-High 
State Register bits PO — 3. When I0 is held at +10V these pins reflect (P6 — P9). 


Logic/Diagnostic Outputs: Two register bits (F2 — F3) which reflect Output register bits Active-High 
(Q2 —Q3). When I0 is held at +10V, these pins reflect (P4 — P5). 


Preset or Output Enable Input: A user programmable function: 


¢ Preset: Provides an Asynchronous Preset to logic “1” of all State and Output Register Active-High (H) 
bits. Preset overrides Clock, and when held High, clocking is inhibited and PO — 9 and 

FO — 3 are High. Normal clocking resumes with the first full clock pulse following a 

High-to-Low clock transition, after Preset goes Low. 


e Output Enable: Provides an Output Enable function to all output buffers. Active-Low (L) 


Logic Output: Two device outputs which reflect Output Registers QO —-Q1. When I0 is 
held at +10V, FO — F1 = Logic “1”. 


October 22, 1993 286 


Product specification 


PLS168/A 


Programmable logic sequencers 


(12 x 48 x 8) 


Philips Semiconductors Programmable Logic Devices 


LOGIC DIAGRAM 


ET > n 8 
ut AY 4 = ese BEE 


HS 8 OE a 8S 8 8 9 SR SS RG 
eee re ae ee ere at deer tter ccd pS Eee perp tet iiet oie petro be ltebetieie peepee peg 
Pipi tbt potted, olbdh fot trtbtit thot) ~ bobo bot tobi pope bth pete bated bebo teh bad 
sO SEU SD EN RS PRESSE ESR WS LL ER A ER BE BS 
SS RR 8 9 RS a 8 BB SM SG SS eS GS te Rs SRS a Re eB 

BERR BER 8 RR 8 ER 8 RS 8 RS BR ere totietee tt teeta esti te—pechetetest ested esieieteieniieteetetededtebettetete peter 
PSs sb Sas Se ae es See ee Be ee ee Rs Es eo km ee ee 


Sse ete 8 8 | OE TU Fs AEE SE EM SS Ge ene ea Gs ee EE 
PIPdio tet i tet tt trtioth dh tet tethel | ~ bot bebobotetotot it ete topobt betet tobe pet beh | 
2 ER EE SB SB 8S SS 8 9 SW 8 8 9 SS a a ga aT BH SD a 
Sea 0 9 eG 8 Se 8 8 9 SS ES es es hep pap dtp 
8 HRS BS 2 2 AS BS 6 29 YS Be 8 8 9 A us Ss Ke wa a BRS SOS RS SS BS BES ROS RS RO RES RR BS 

Peete ea ee a te | OO Pee ee te et or ett et rr | 
$k 9 SER REE Ye S08 OS ee Fe 2 RO gm Be 9 nd Hm Ss se ss es eas es Maa me es sw neem Ba Sa a a a 


OnE See Poo ee 


a HEE 8 8 8 SB a De 8 8H 2 SS 8H 2 mS SS BS NS NE EW EE BOS ERS ES BO RON EEE SB BE BE 
bal Lael Gad bag Lael Lal Lact Ladd Gad bad Yael bg i 
&eeg@ea 


APGMEEMNHNHRIEIE) ed De) De ee 


eoranamrtteunonroomaeor 


= Programmable connection. 


1. All programmed “AND” gate locations are pulled to logic “1”. 
2. All programmed “OR” gate locations are pulled to logic “O”. 


NOTES: 
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TRUTH TABLE 1: 2: 3, 4, 5,6 


NOTES: 

1. Positive Logic: 
S/R = To + Ty +To+.. - + 147 
Tn = C(I011 12...) (PO P1... P9) 


2. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. 


The desired function is a user-programmable option. 
T denotes transition from Low-to-High level. 

R = S = High is an illegal input condition. 

*=H or Lor +10V. 

X = Don't Care (<5.5V) 


On & 


ABSOLUTE MAXIMUM RATINGS? 


RATINGS 
SYMBOL PARAMETER 
Supply voltage 


Input voltage 


Output voltage 


3 


Output currents 
Operating temperature range 
Storage temperature range 


| MAX | 
| +75 


+75 
+150 


| MIN 
a 
a 
a 
ed 
_) 


NOTES: 


LOGIC FUNCTION 
Typical State Transition: 


Q2 Qi Qo 


(sn) ynecer one 


STATE REGISTER A°B+C*... 


SET Qo: Sp = (G2 * Qy *G) A'B'C... 
Ro = 0 


RESET Q4:S; =0 
Ry = (Go Qy°p) ABC... 


HOLD Qo: Sp =0 
R2=0 


VIRGIN STATE 

The factory shipped virgin device contains all 

fusible links intact, such that: 

1. PR/OE option is set to PR. Thus, all outputs 
will be at “1”, as preset by initial power-up 
procedure. 

2. All transition terms are disabled (0). 

3. All S/R flip-flop inputs are disabled (0). 

4. The device can be clocked via a Test 
Array pre-programmed with a standard 
test pattern. 

NOTE: The Test Array pattern MUST be 
deleted before incorporating a user 
program. This is accomplished 
automatically by any Philips 
Semiconductors qualified programming 
equipment. 


THERMAL RATINGS 


TEMPERATURE 


Allowable thermal rise 75°C 
ambient to junction 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


October 22, 1993 288 


Philips Semiconductors Programmable Logic Devices Product specification 


Programmable logic sequencers 
(12 x 48 x 8) PLS168/A 


DC ELECTRICAL CHARACTERISTICS 
0°C < Tam S +75°C, 4.75V < Voc $ 5.25V 


SYMBOL PARAMETER TEST CONDITION 


Input voltage? 

Vin i Voc = MAX 

Vit Voc = MIN 

Vie 3 Voc = MIN, ly = —12mA 


Output voltage 

Voc = MIN 
Von High* lon =—2mA 
VoL Low® lo. = 9.6mA 


Vin = 5.5V 


High 


Low Vin = 0.45V 


Low (CLK input) Vin = 0.45V 


Output current 
Voc = MAX 


Hi-Z state® 


Vout = 5.5V 


lo(oFF) 


Vout = 0.45V 


Short circuit? 7 Vout = OV 


Cee [Wes tone [Yaga 


Capacitance® 


NOTES: 

All typical values are at Vcc = 5V, Tanb = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one ata time. 

Measured with Vj. applied to OE and a logic high stored, or with Vy applied to PR. 

Measured with a programmed logic condition for which the output is at a low logic level, and V,, applied to PR/OE Output sink current is 
supplied through a resistor to Vcc. 

Measured with Vy applied to PR/OE. 

Duration of short circuit should not exceed 1 second. 

Icc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 


Aron >= 


fos & 
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AC ELECTRICAL CHARACTERISTICS 
Ry = 4702, Ro = 1kQ, Cy = 30pF, 0°C < Tamp $ +75°C, 4.75°CV < Vog $ 5.25V 


LIMITS 
SYMBOL PARAMETER TO PLS168 PLS168A UNIT 
| MIN | Typ! | MAX | MIN | TYP! | MAX | 
CK + CK — 
CK — CK + 
CK + CK + 
PR + PR- 


Clock? High 
Clock Low 

Clock Period 
Preset pulse 


Input 
Input 
Input 
Input (through Complement Array) 
Input (through Complement Array) 


Input (through Complement Array) 


Power-on preset 
Preset 


a a OSS OO 


Propagation delay 
Clock 


Output + 


Output enable‘ Output — 
Output disable* Output + 
Preset Output + 


Power-on preset Output + 


Frequency of operation® 


fuaxC Without Complement Array 13.9 20.0 MHz 
fuaxC With Complement Array 9.8 12.5 MHz 
‘ares 
All typical values are at Voc = 5V, Tam = +25°C. 
To prevent spurious clocking, clock rise time (10% — 90%) < 30ns. 
See “Speed vs. OR Loading’ diagrams. 
For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 


voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vr = (Vo, + 0.5V) level with S; closed. 


ON 


TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 


4. LE 


vu — 


ol, 


OUTPUTS 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
NOTE: inputs and outputs, unless otherwise specified. 


C1 and C2 are to bypass Voc to GND. Input Pulses 
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TIMING DIAGRAMS TIMING DEFINITIONS 


SYMBOL PARAMETER 
Width of input clock pulse. 


Required delay between 
beginning of valid input and 
positive transition of clock. 


Required delay between 
beginning of valid input and 
positive transition of clock, 
when using optional 
Complement Array (two 
passes necessary through the 
AND array). 


Required delay between Vcc 
(after power-on) and negative 
transition of clock preceding 
first reliable clock pulse. 


Flip-Flop Outputs 


Required delay between 
negative transition of 
asynchronous Preset and 
negative transition of clock 
preceding first reliable clock 
pulse. 


ters 


Required delay between 
positive transition of clock and 
end of valid input data. 


Delay between positive 
transition of clock and when 
outputs become valid (with 

PR/OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 


Delay between input Ip 
transition to Diagnostic mode 
and when the outputs reflect 
the contents of the State 

Register. 


Asynchronous Preset 


Delay between input Io 
transition to Logic mode and 
when the outputs reflect the 
contents of the Output 

Register. 


Delay between positive 
transition of Preset and when 
outputs become valid at “1”. 


Delay between Vcc (after 
power-on) and when outputs 
become preset at “1”. 


Width of preset input pulse 


Minimum guaranteed 
operating frequency. 


is 


Power-On Preset 
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TIMING DIAGRAMS (Continued) 


INTERNAL __ __ 
STATE REG. 


OUTPUT 


Diagnostic Mode 


SPEED VS. “OR” LOADING 


The maximum frequency at which the PLS 
can be clocked while operating in sequential 
mode is given by: 


(1/fMax) = tcy = tis + texo 


This frequency depends on the number of 
transition terms T, used. Having all 48 terms 
connected in the AND array does not 
appreciably impact performance; but the 
number of terms connected to each OR line 
affects tig, due to capacitive loading. The 
effect of this loading can be seen in Figure 1, 
showing the variation of tis; with the number 
of terms connected per OR. 


The PLS168 AC electrical characteristics 
contain three limits for the parameters tis; 
and tiso (refer to Figure 1). The first, tis1, is 
guaranteed for a device with 48 terms 
connected to any OR line. tig1g is guaranteed 
for a device with 32 terms connected to any 
OR line. And tisj¢ is guranteed for a device 
with 24 terms conntected to any OR line. 


The three other entries in the AC table, tigo A, 
B, and C are corresponding 48, 32, and 24 
term limits when using the on-chip 
Complement Array. 


The PLS168A AC electrical characteristics 
contain two limits for the parameters tis; and 
tiso2 (refer to Figure 2). The first, tisza is 
guaranteed for a device with 24 terms 
connected to any OR line. tis;g3 is guaranteed 
for a device with 16 terms connected to any 
OR line. 
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16 24 32 40 48 
TERMS CONNECTED/OR 


Figure 1. PLS168 tis; vs. 
Terms/OR Connected 


24 
TERMS CONNECTED/OR 


Figure 2. PLS168A tis; vs. 


Terms/OR Connected 
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The two other entries in the AC table, tigo A 
and B are corresponding 24 and 16 term 
limits when using the on-chip Complement 
Array. 


The worst case of tis for a given application 
can be determined by identifying the OR line 
with the maximum number of T,, connections. 
This can be done by referring to the 
interconnect pattern in the PLS _ logic 
diagram, typically illustrated in Figure 3, or by 
counting the maximum number of “H” or “L” 
entries in one of the columns of the device 
Program Table. 


This number plotted on the curve in Figure 1 
or 2 will yield the worst case tig and, by 
implication, the maximum — clocking 
frequency for reliable operation. 


Note that for maximum speed all UNUSED 
transition terms should be disconnected from 
the OR array. 


TRANSITION TERMS T,, 


NOT 
USED 


Figure 3. Typical OR Array 
Interconnect Pattern 
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LOGIC PROGRAMMING 

The PLS168/A devices are fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors’ 
SNAP design software package. ABEL™, 
CUPL™ and PALASM@® 90 design software 
packages also support the PLS168/A 
architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PRESET/OE OPTION -— (P/E 


PROE 
P 
E=1 
(ALWAYS 
ENABLED) 


| _ OPTION _—'|_CODE 
PRESET! 


PROGRAMMING: 


PLS168/A logic designs can also be 
generated using the program table entry 
format detailed on the following pages. This 
program table entry format is supported by 
the Philips Semiconductors SNAP PLD 
design software package. 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


P=0 
(PRESET 


DISABLED) 


The PLS168/A has a power-up preset feature. This feature insures that the device will 
power-up in a known state with all register elements (State and Output Register) at logic High 
(H). When programming the device it is important to realize this is the initial state of the device. 
You must provide a next state jump if you do not wish to use all Highs (H) as the present state. 


“AND” ARRAY - (1), (P) 


n, f 


[ACTON | CODE 
[wactives® [0 | 


INACTIVE! 4 


NOTES: 


PROPAGATE | © | 


1. This is the initial unprogrammed state of all links. 
2. Any gate T, will be unconditionally inhibited if both the true and complement of any input (|, P) are left intact. 
3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T,, (see 


flip-flop truth tables). 


4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp. 
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PROGRAMMING AND 


SOFTWARE SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-party! Programmer/ 
Software Support) of this data handbook for 
additional information. 


TRANSPARENT 
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PROGRAM TABLE 


PROGRAM TABLE ENTRIES 


CUSTOMER NAME 


INACTIVE 


PURCHASE ORDER # 
PHILIPS DEVICE # 


GENERATE 


CF (XXXX) 


CUSTOMER SYMBOLIZED PART # 
TOTAL NUMBER OF PARTS 


PROGRAM TABLE 


PROPAGATE 


TRANSPARENT: 


INACTIVE 


1P 


DON’T CARE 


Te 
TELTT TTT TTT TTT TT ETE TT Te PT 
AH TTTTTT TTT TTT TT TTT TET TT TT ET) PT 
cc BEER RER RARE REAR AERR ARAMA ERROR ee 


OUTPUT (Fr) 


NEXT STATE (Ns) 


REMARKS 
I etereeidiaeasenscacimancce! 
ee 
emote enn 
f ecnesiancaneemsencll 
Ian ia cee 
as 
pee 
PrN, 
eet tccieceee il 
eisai Giecinciedinenaaal 
ee 
ae 
ees 
ee 
Iecsasiieascntcacdiccerestleac ts 
_eRCIe 
eee 
Ipecccatcalbaahemsiccain att 
,camcaeent ieee 
pe 
I agate gee cbag eee aenl 
ae 
ees 
ll ee 
(ae 
ee 
ls saemngtio eieasrsasessci 
[a 
aaa 
aa 
| aaemsenctiebcnsecenc acca 
I cpestsipciadeeeece 
hcg ie 
1s cep iene 
Ze 
a 
Se 
a rel 
aS! 
_ 
neater 
eee ge 
netinitaaae 
eee 


PRESENT STATE (Pg) 


' 

I 
£ 
= 
—) 
a 
= 


The device is shipped with all links initially intact. Thus, a background of “O” for all Terms, and an “H” for the P/E option, exists in the table, 


shown BLANK instead for clarity. 
2. Unused Cp, Im, and Pg bits are normally programmed Don't Care (-). 
3. Unused Transition Terms can be left blank for future code modification, or programmed as (—) for maximum speed. 


4. Letters in variable fields are used as identifiers by logic type programmers. 


= ~ ~ ~ oln ld 
= r N 10 vt 


IWVN 
ATEVINVA 


ROTES 
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TEST ARRAY 


The PLS may be subjected to AC and DC 
parametric tests prior to programming via an 
on-chip test array. 


(In + Frn)/Frn 


The array consists of test transition terms 48 
and 49, factory programmed as shown 
below. 


Testing is accomplished by clocking the 
FPLS and applying the proper input © 
sequence to 10-13 as shown in the test = 
circuit timing diagram. 


(In - Frn)Fn (I- Fr)/Fr 


(In +Fr y' Fn 


State Diagram 


Test Array Program 


Both terms 48 and 49 must be deleted 

during user programming to avoid interfering 

with the desired logic function. This is 

accomplished automatically by any 

Signetic’s qualified programming equipment. 
| 


STATE 
REGISTER 


; INPUT (Im) PRESENT STATE (Ps) 
n 
1 


1 
ofols/7|é;[s5]/4]3f2T1lol|9 Ts|[7/6]s51/4]3[2 
FHT HIH/THTHT HTH] H/H{H/H{H{H|H|H]H|H] HH] H | 


Test Array Deleted 


L 


L 


0 
FH 
| 


1 
LH | 
jt 
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DESCRIPTION 

The PLS179 is a 3-State output, registered 
logic element combining AND/OR gate arrays 
with clocked J-K flip-flops. These J-K 
flip-flops are dynamically convertible to 
D-type via a “foldback” inverting buffer and 
control gate, Fc. It features 8 registered I/O 
outputs (F) in conjunction with 4 bidirectional 
I/O lines (B). There are 8 dedicated inputs. 
These yield variable I/O gate and register 
configurations via control gates (D, L) ranging 
from 20 inputs to 12 outputs. 


The AND/OR arrays consist of 32 logic AND 
gates, 13 control AND gates, and 21 OR 
gates with fusible link connections for 
programming I/O polarity and direction. All 
AND gates are linked to 8 inputs (I), 
bidirectional I/O lines (B), internal flip-flop 
outputs (Q), and the Complement Array 
output (C). The Complement Array consists 
of a NOR gate optionally linked to all AND 
gates for generating and propagating 
complementary AND terms. 


On-chip T/C buffers couple either True (I, B, 
Q) or Complement (I, B, Q, C) input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. Any of the 
32 AND gates can drive bidirectional |/O lines 
(B), whose output polarity is individually 
programmable through a set of EX-OR gates 
for implementing AND-OR or AND-NOR logic 
functions. Similarly, any of the 32 AND gates 
can drive the J-K inputs of all flip-flops. Four 
AND gates have been dedicated for the 
Asynchronous Preset/Reset functions. 


All flip-flops are positive edge-triggered and 
can be used as input, output or I/O (for 
interfacing with a bidirectional data bus) in 
conjunction with load control gates (L), 
steering inputs (I), (B), (Q) and 
programmable output select lines (E). 


The PLS179 is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 


Order codes are listed below. 


ORDERING INFORMATION 
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DESCRIPTION ORDER CODE DRAWING NUMBER 
24-Pin Plastic Dual In-Line Package (300mil-wide) PLS179N 
28-Pin Plastic Leaded Chip Carrier PLS179A 0401F 


FEATURES PIN CONFIGURATIONS 
@fuax=  18.2MHz N Package 
— 25MHz clock rate 


@ Field-Programmable (Ni-Cr link) 
® 8 dedicated inputs 

® 13 control gates 

@ 32 AND gates 

® 21 OR gates 


® 45 product terms: 
— 32 logic terms 
— 13 control terms 
® 4 bidirectional I/O lines 
® 8 bidirectional registers 
®@ J/K, T, or D-type flip-flops N = Plastic Dual In-Line Package (300mil-wide) 


A Package 
lo CLK VccB3 F7 


® Asynchronous Preset/Reset 
® Complement Array 

® Active-High or -Low outputs 
®@ Programmable OE control 

® Positive edge-triggered clock 


®@ Power-on reset on flip-flop 
(Fy ="1") 


® |nput loading: — 100LA (max.) 
® Power dissipation: 750mW (typ.) 


BO B1 GND OE B2 FO F1 
A = Plastic Leaded Chip Carrier 


® TTL compatible 


®@ 3-State outputs 


APPLICATIONS 


® Random sequential logic 

®@ Synchronous up/down counters 
® Shift registers 

® Bidirectional data buffers 

® Timing function generators 

@ System controllers/synchronizers 


® Priority encoder/registers 
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LOGIC DIAGRAM 


b 
| 
aa: a 


J h co 
i A ENS = A eh Se ih 1 
tl ld 


rt ‘ 
= x 


« 
qa 4) 
a 


tad Ud Uae Ge Gd Uy Ug Wd 


2c 
ste jefe Lelie ile tte| 


f®@rke k&ecaegza sa 9 


= 
: 5 
f>-€) 
if 


i=] 
e 


1. All OR gate inputs with a blown link float to logic "0". 
~ Programmable connection. 


2. All other gates and control inputs with a blown link float to logic "1". 


3. © denotes WIRE-OR. 


NOTES: 
4. 
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FUNCTIONAL DIAGRAM 


(LOGIC TERMS) (CONTROL TERMS) 
Pa Rep Pa Ra lp la 


a 
vi 


b{ +12) 


Tao 


VV 


Pe MRRERR Raa 


S 


NOTES: 
1. Positive Logic: 
J-K=To + 1+ To sa siiee ¥ eed alaen sw T34 
Tn =C- (10-11-12...) - (QoQ, ...)- 
BO. B1-...) 
2. 1 denotes transition from Low to High level. 
IX xX XX X X|] 3. X= Don't care 
4. * = Forced at F, pin for loading the J-K 


flip-flop in the Input mode. The load 
control term, L, must be enabled (HIGH) 
and the p-terms that are connected to the 
associated flip-flop must be forced LOW 
(disabled) during Preload. 

5. AtP =R=H, Q=H. The final state of Q 
depends on which is released first. 

6. * * = Forced at F, pin to load J-K flip-flop 
independent of program code (Diagnostic 
mode), 3-State B outputs. 


: 


x MIO Crier FF FF Paes 


L 
u 
L 
§ 
H 
H 


x< 
39 9/79 IO OO OS Od | cK KI x 


M MI Flier rr rir Ls 
& ryt rept z= FF rh uM MIX 
re Lier zi Tz FT ee oI 


x< 
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LOGIC FUNCTION VIRGIN STATE THERMAL RATINGS 
The factory shipped virgin device contains all TEMPERATURE 


Allowable thermal rise 75°C 
ambient to junction 


Q3 Q2 Qi QO 


fusible links intact, such that: 
fr fos fol eee eee 1. OE is always enabled. 
A:-B°C-... 


STATE REGISTER 


. Preset and Reset are always disabled. 


2 
Fofofo} | En) NEXT STATE 3. All transition terms are disabled. 
4 


. All flip-flops are in D-mode unless 
SET Qo: Jo = (Q3 * G2* Qy° Go) -A-B-C... otherwise programmed to J-K only or J-K 
Ko =0 or D (controlled). 


RESET Q1: J, =0 ; : 
Ky =(Q3° Qa" Qy* Gp) A-B-C... 5. All B pins are inputs and all F pins are 


rwise programmed. 
HOLD Qo: Jo = 0 outputs unless otherwise prog 


Kg =0 
TOGGLE Q3: J3 = (Q3° Gg ° Q,°Go)°A-B-C... 
K3 =(Q3° Gp Q,*G9)'A- BC... 


NOTE: 
Similar logic functions are applicable for D 
and T mode flip-flops. 


ABSOLUTE MAXIMUM RATINGS! 


RATINGS 
SYMBOL 


PARAMETER UNIT 


| MAX 


Tinputvatage 


Input voltage 


a 
ae 
at 
[Ouputvotags—SSCSCSCSCSCSCSCSCSCSCSCSCSCSCSCSCSCiSO 
Cinputcurens ———SSSSCSCSCSCSCSCSCSCSCSCSCS~iYSC Yk 
—_— 
a 


NOTES: 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at these 
or any other condition above those indicated in the operational and programming specification of the device is not implied. 


+30 
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DC ELECTRICAL CHARACTERISTICS 
0°C < Tamb $ +75°C, 4.75V < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION | MIN | TYP? | MAX | UNIT 


Input voltage? 


Vi High Voc = MAX Vv 
Vit Low Voc = Min V 
Vic Clamp Voc = MIN, ly = —12mA 0.8 V 


Output voltage? 


Vou High Voc = MIN, lou = -2mA Vv 
VoL Low® lot = 10mA V 
iy High Voc = MAX, Vin =5.5V <1 40 pA 
lie Low VIN = 0.45V —10 —100 pA 


Output current 


lO(OFF) Hi-Z state* 7 Voc = MAX, Vout = 5.5V 
Vout = 0.45V ~140 
Short circuit? > Vout = OV 


rae 


Cin Voc = GOV, Vin =2.0V pF 
Cout Vout = 2.0V pF 


NOTES: 

All typical values are at Voc = 5V, Tarnb = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one ata time. 

Measured with Vj, applied to OE. 

Duration of short circuit should not exceed 1 second. 

Icc is measured with the OE input grounded, all other inputs at 4.5V and the outputs open. 
Leakage values are a combination of input and output leakage. 


SNS eS 
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AC ELECTRICAL CHARACTERISTICS 
R; = 470Q, Ro = 1kQ, C, = 30PF, 0°C < Tam $ +75°C, 4.75°CV < Voc $ 5.25V 


SYMBOL PARAMETER TO TEST LIMITS 


Clock? High 
Clock Low 
Clock period 


Preset/Reset pulse 


tisy Input 
tiso Input (through F,) 


tis3 Input (through Complement Array)* 


ti Input 
Input (through F,) 

Propagation delay 
Clock 
Output enable? 
Output disable? 
Output 
Output enable? 
Output disable? 


Preset/Reset 


Power-on preset 
NOTES: 


1. All typical values are at Voc = 5V, Tambp = +25°C. 

2. To prevent spurious clocking, clock rise time (10% — 90%) < 10ns. 

3. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vt = (Voy — 9.5V) with S; open, and Low-to-High impedance tests are made to the Vr = (Vo, + 0.5V) level with S; closed. 

4. When using the Complement Array tcxp = 75ns (min). 

5. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


OUTPUTS 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


NOTE: 
Cz and Co are to bypass Vcc to GND. 


Input Pulses 
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TIMING DIAGRAMS 


1,B 


H1 4s1 


F 
(OUTPUTS) 


Flip-Flop Outputs 


,B 
(INPUTS) 


B 
(OUTPUTS) 


,B 
(OUTPUT 
ENABLE) 


Gate Outputs 


Vcc 


F 
(OUTPUTS) 


1,B 
(INPUTS) 


tCKH 
‘CKP 


Power-On Reset 
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TIMING DEFINITIONS 


SYMBOL PARAMETER 
Width of input clock pulse. 
Interval between clock pulses. 


Minimum guaranteed Clock 
period. 
Width of preset input pulse. 


Required delay between 
beginning of valid input and 
positive transition of clock. 


Required delay between 
beginning of valid input forced 
at flip-flop output pins, and 
positive transition of clock. 


Required delay between 
positive transition of clock and 
end of valid input data. 


Required delay between 
positive transition of clock and 
end of valid input data forced 

at flip-flop output pins. 


Delay between positive 
transition of clock and when 
outputs become valid (with 
OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 


Delay between Vcc (after 
power-on) and when flip-flop 
outputs become preset at “1” 
(internal Q outputs at “O”). 


Propagation delay between 
combinational inputs and 
outputs. 


Delay between predefined 
Output Enable High, and 

when combinational Outputs 
become valid. 


Delay between predefined 
Output Enable Low and when 
combinational Outputs are in 

the OFF-State. 


Delay between positive 
transition of predefined 
Preset/Reset input, and when 
flip-flop outputs become valid. 
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TIMING DIAGRAMS (Continued) 


,B 
(INPUTS) 


AK 


4s1 


PRESET/RESET 


(I, B INPUTS) 
(PRESET) 


(RESET) 


eureuis sy 
( ) (PRESET) 


* Preset and Reset functions override Clock. However, F outputs may glitch with the first positive Clock Edge if tis4 


cannot be guaranteed by the user. 


Asynchronous Preset/Reset 


1,B 
OE 


—, 
\ 
__—— 


F 
tsa 4H2 


top1 


CLK 


LOOK 


Flip-Flop Input Mode 
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LOGIC PROGRAMMING 

The PLS179 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Philips Semiconductors’ 
SNAP, Data I/O Corporation’s ABEL™ and 
Logical Devices Inc.'s CUPL™ design 
software packages. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


“AND” ARRAY - (I), (B), (Qp) 


(T, Fo, L, P, R, D)n 


[sine | cone | 
Twacnves® [0 


“COMPLEMENT” ARRAY -— (C) 


Cc 
Cc 
(Tp, Fc) 


ACTION CODE 
INACTIVE! 355 | 0 | 


Notes on following page. 
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PLS179 logic designs can also be generated 
using the program table entry format detailed 
on the following pages. This program table 
entry format is supported by the Philips 
Semiconductors SNAP PLD design software 
package. 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 


(Th: Fo) 
ACTION 
GENERATE? 


Tastatus | CODE | 
ACTIVE (Set)' re 
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COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


PROGRAMMING AND 


SOFTWARE SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 
Software Support) of this data handbook for 
additional information. 


(T, Fc, LP, R, Din 


[stare [6008 | 
a 


L DON’T CARE 


(Th; Fo) 


TRANSPARENT 


Tn STATUS | CODE — 
INACTIVE (Reset) | oe | 
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“AND” ARRAY — (Qn = J-K Type) 


Th 
Q 
M = DISABLED 


ACTION CODE 


“OR” ARRAY —(S or B) 


Th 
PRS 
)}> (ORB) 


Th STATUS CODE Th STATUS CODE POLARITY CODE POLARITY CODE 


“OE” ARRAY - (E) 


CONTROL ENABLE4 | oe | DISABLE 
NOTES: 


1. This Is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
2. Any gate (T, Fc, L, P, R, D), will be unconditionally inhibited if any one of the |, B, or Q link pairs are left intact. 

3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Ty, Fc. 

4. E, =O and E, = e are logically equivalent states, since both cause F, outputs to be unconditionally enabled. 

5. These states are not allowed for control gates (L, P, R, D),, due to their lack of “OR” array links. 


En 
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PROGRAM TABLE 


ogram unused C, |, B, and Q bits in the AND array as (-). 
ogram unused Q, B, P, and R bits in the OR array as (-) 


(A), as applicable. 


ound of entries corresponding to states of virgin links ex- 
3. Unused Terms can be left blank. 


ists in the table, shown BLANK for clarity. 


of flip-flops Q. 


g 
4. Q/(P) and Q (N) are respectively the present and next states 


1. The device is shipped with all links intact. Thus a back- 


NOTES 
2. P 
fo) 


oO 


CONTROL! A 
ENABLE | « 
DISABLE 
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+ 
eee ae 


IDLE 
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P 
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CMOS programmable multi-function PLD 


(42 x 105 x 12) 


DESCRIPTION 

The new PLC42VA12 CMOS PLD from 
Philips Semiconductors exhibits a unique 
combination of the two architectural concepts 
that revolutionized the PLD marketplace. 


The Philips Semiconductors unique Output 
Macro Cell (OMC) embodies all the 
advantages and none of the disadvantages 
associated with the “V” type Output Macro 
Cell devices. This new design, combined with 
added functionality of two programmable 
arrays, represents a significant advancement 
in the configurability and efficiency of 
multi-function PLDs. 


The most significant improvement in the 
Output Macro Cell structure is the 
implementation of the register bypass 
function. Any of the 10 J-K/D registers can be 
individually bypassed, thus creating a 
combinatorial I/O path from the AND array to 
the output pin. Unlike other “V” type devices, 
the register in the PLC42VA12 Macro Cell 
remains fully functional as a buried register. 
Both the combinatorial I/O and buried register 
have separate input paths (from the AND 
array). In most V-type architectures, the 
register is lost as a resource when the cell is 
configured as a combinatorial I/O. This 
feature provides the capability to operate the 
buried register independently from the 
combinatorial I/O. 


The PLC42VA12 is an EPROM-based CMOS 
device. Designs can be generated using 
Philips Semiconductors SNAP PLD design 
software packages or one of several other 
commercially available JEDEC standard PLD 
design software packages. 


ORDERING INFORMATION 


DESCRIPTION 


24-Pin Ceramic Dual In-Line with window, 
Reprogrammable (300mil-wide) 


24-Pin Plastic Dual In-Line, 
One Time Programmable (300mil-wide) 


28-Pin Plastic Leaded Chip Carrier, 
One Time Programmable (450mil-wide) 


PAL is a registered trademark of Advanced Micro Devices, Inc. 
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FEATURES 
® High-speed EPROM-based CMOS 
Multi-Function PLD 
— Super set of 22V10, 32VX10 and 
20RA10 PAL® ICs 
® Two fully programmable arrays eliminate 
“P-term Depletion” 
— Up to 64 P-terms per OR function 
® Improved Output Macro Cell Structure 
— Individually programmable as: 
* Registered Output with feedback 
* Registered Input 
* Combinatorial |/O with Buried Register 
* Dedicated |/O with feedback 
* Dedicated Input (combinatorial) 


— Bypassed Registers are 100% functional 
with separate input and feedback paths 


— Individual Output Enable control 
functions 


* From pin or AND array 


®@ Reprogrammable — 100% tested for 
programmability 


® Eleven clock sources 


® Register Preload and Diagnostic Test Mode 
Features 


© Security fuse 


APPLICATIONS 


®@ Mealy or Moore State Machines 
— Synchronous 
— Asynchronous 


® Multiple, independent State Machines 
® 10-bit ripple cascade 

® Sequence recognition 

® Bus Protocol generation 

@ Industrial control 


@ A/D Scanning 
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PIN CONFIGURATIONS 


FA and N Packages 


N = Plastic DIP (300mil-wide) 
FA = Ceramic DIP with Quartz Window (300mil-wide) 


A Package 


lo/ 
12 11 CLKN/IC Voc M9 MB 


BO B1GNDWNC I9/ MO M1 
OE 


A = Plastic Leaded Chip Carrier (450mil-square) 


ORDER CODE DRAWING NUMBER 


PLC42VA12FA 1478A 
PLC42VA12N 0410D 
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LOGIC DIAGRAM 
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LOGIC DIAGRAM (Continued) 
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CMOS programmable multi-function PLD 
(42 x 105 x 12) PLC42VA12 


ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS 


TEMPERATURE 
we 
vs 

vs 


[=e +10 [A 
< 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


AC TEST CONDITIONS VOLTAGE WAVEFORMS 


10% 
H——— 


sel hl 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


OUTPUTS 7 


NOTE: 
C1 and Co are to bypass Vcc to GND. 


Input Pulses 


Test Load Circuit 
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CMOS programmable multi-function PLD AOVA12 
(42 x 105 x 12) _ 


DC ELECTRICAL CHARACTERISTICS 
0°C < Tam $ +75°C, 4.75V < Voc $ 5.25V 


SYMBOL PARAMETER TEST CONDITION 


Input voltage? 


Vcc supply current (Active)* 
Voc supply current (Active)° 


Capacitance 


1. 
2. All voltage values are with respect to network ground terminal. 
3. Duration of short-circuit should not exceed one second. Test one ata time. 
4. Tested with Vi_ = 0.45V, Viy = 2.4V. 
5. Tested with Vi. = OV, Vin = Voc. 
6. Refer to Figure 1, Alcc vs Frequency (worst case). (Referenced from 15MHz) 
The Icc increases by 1.5mA per MHz for the frequency range of 16MHz up to 25MHz. 
The loc remains at a worst case for the frequency range of 26MHz up to 37MHz. 
The loc decreases by 1.0mA per MHz for the frequency range of 14MHz down to 1MHz. 
The worst case Icc is calculated as follows: 
— All dedicated inputs are switching. 
— AIllOMCs are configured as JK flip-flops in the toggle mode. . .all are toggling. 
— All 12 outputs are disabled. 
— The number of product terms connected does not impact the Icc. 
7. Refer to Figure 2 for Atpp vs output capacitance loading. 


At pp(ns) 


"9 20 40 60 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 


Figure 1. Alco vs Frequency 
(Worst Case) (Referenced from 15MHz) 


Figure 2. Atpp vs Output 
Capacitance Loading (Typical) 
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AC ELECTRICAL CHARACTERISTICS 
O°C < Tam $ +75°C, 4.75V < Voc < 5.25V; R; = 238Q, Ro = 1702 


TEST? PLC42VA12 
SYMBOL PARAMETER TO pa pwn | rye | UNIT 
(Cx (PF)) 


Set-up Time 


tis Input; dedicated clock (I, B, M) +/— 
tise Input; P-term clock (|, B, M) +/— | (I, B, M) +/- 5 
tisa? Preload; dedicated clock (M) +/— 5 
+ 
) 


+ 
) 
4- 
tisa? Preload; P-term clock (M) +/— (I, B, M) +/— 
Input through complement array; 
tiss® aedieaisd eck : : (1, B, M) +/- 
tise? Sa fo Aiea (1B, M)+/— | (1, B, M) +/- 
Propagation Delay 
Propagation Delay (Il, B, M) +/— | (I, B, M) +/- 5 
) +/- (I, B, M) +/- 
/ 
) 
) 
+ 
+ 
) 


pe) 
E 
io) 


o 
Oo 
ol 


Propagation Delay with complement 1B 
array (2 passes) ( 
tcKo1 Clock to Output; Dedicated clock CK+ 
( 


tcko2 Clock to output; P-term clock 


ine) 
NI 


—_— 
NI 
_ N Nh (o>) N — 
on | N <e) NP Oyo 


| 
—_ 
on 


(I, B, M 
( 


Dedicated clock (tis; + tcxo1) mi 
, 
, 


BS 
NI 


— 
> 
oO 
ine 
NJ 


; 


tenad Register preload operating period M 
RP3 Dedicated clock (tis3 + tcexo} ( 
(M 


) 


+ 
T 


tana’ Register preload operating period 
P-term clock (tis + texo2 


( 
( 
( 


+ 
7 


a 
N 
o>) 


Registered operating period with comple- IBM 
ment array; dedicated clock (tigs + tcxo1) Oy 


Registered operating period with 


M 


+ 
Tr 


taps? complement array; P-term clock 


) 
) 
) 
) 
) 
) 
) ) 
" i il 
BM) 
+ 
) 
) 
) 
) ) 


(tise + tcxoe2 


pe) 
oO 


Output Enable; from /OE pin‘ /OE - 


— 
a) 
on 
NO 
on 


M 
M 


5 


co) 


Outputs dis- 
4 
Output Disable; from /OE pin /OE abled 
Outputs dis- 
4 
Output Disable; from P-term (1, B, M) +/— abled 


toe1 
toE2 
top1 

D2 


5 


eel 
* 
on 
On 


to 


NO 
e 

w 

oi 


< 
el 
a. 
4 
=| 
i 


= 1) 
tind Input (Dedicated clock) C 
) 
) 


K 
tye Input (P-term clock) (I, B, M 
tins? Input; from Mn (Dedicated clock CK 
tua? Input; from Mn (P-term clock (1, B, M 


= 
cn 
= 


5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 


0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
+ 0 
0 
0 
0 
; 0 
+ 
zs 0 


) 
tppR® Power-on Reset (Mn Veo + 


CK 
CK 
CK 
CK 


toKL2 Clock Low; P-term clock | = CK+ 5 
tprRH? Width of preset/reset input pulse (1, B, M) +/— | (1, B, M) +/— 50 


Notes on page 316. 
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AC ELECTRICAL CHARACTERISTICS (Continued) 
O°C < Tam S$ +75°C, 4.75V < Voc < 5.25V; Ry = 2380, Ro = 1700 


Frequency of it aa 


TEsT* 


CONDITION 
(Ci (PF)) 


PLC42VA12 


rae [me | 


[ies [Deseawsonektewngy [es Tes eee Te 
Ticxa | Pater clock requeney for fo 


Registered operating frequency; - 
Dedicated clock (tis; + tcxo1) (I, B, M) +/- (M) +/ 

Registered operating frequency; _ 
P-term clock (tiso + texo2) (1, B, M) + M) +/ 


Register preload operating 


fMax3> frequency; Dedicated clock 
(tisa + teKo1) 


Register preload operating 
fuaxa> frequency; P-term clock 58.8 MHz 


(tisa + tcKo2) 


Registered operating frequency 
with complement array; 
Dedicated clock (tiss + texo3) 


Registered operating frequency 
fuaxe> with complement array; (I, B, M) +/— (M) +/— 
P-term clock (tisg + tcxo2) 


NOTES: 


1. All typical values are at Vcc = 5V, Tamb = +25°C. These limits are not tested/guaranteed. 

2. Refer also to AC Test Conditions (Test Load Circuit). 

3. These limits are not tested, but are characterized periodically and are guaranteed by design. 

4. For 3-State output; output enable times are tested with C, = 50pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vr = (Vo, + 0.5V) level with S, closed. 


BLOCK DIAGRAM 
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OUTPUT MACRO CELL (OMC) 


Fo CONTROL 


FROM OR ARRAY 


TO AND ARRAY 


TO AND ARRAY 


Output Macro Cell Configuration 
Philips Semiconductors unique Output Macro 
Cell design represents a significant 
advancement in the configurability of 
multi-function Programmable Logic Devices. 


The PLC42VA12 has 10 programmable 
Output Macro Cells. Each can be individually 
programmed in any of 5 basic configurations: 
@ Dedicated I/O (combinatorial) with 
feedback to AND array 


© Dedicated Input 


© Combinatorial I/O with feedback and 
Buried Register with feedback (register 
bypass) 


e Registered Input 
e Registered Output with feedback 


Each of the registered options can be further 
customized as J-K type or D-type, with either 
an internally derived clock (from the AND 
array) or clocked from an external source. 
With these additional programmable options, 
it is possible to program each Output Macro 
Cell in any one of 14 different configurations. 


October 22, 1993 


FROM AND ARRAY 


LOAD PRESET RESET 


PLC42VA12 


| | OE 


Sriear otprur emt 
otyrur ewe MUX 


Erol 
Erol 
ai 


These 14 configurations, combined with the 
fully programmable OR array, make the 
PLC42VA12 the most versatile and silicon 
efficient of all the Output Macro Cell-type 
PLDs. 


The most significant Output Macro Cell 
(OMC) feature is the implementation of the 
register bypass function. Any of the 10 J-K/D 
registers can be individually bypassed, thus 
creating a combinatorial I/O path from the 
AND array to the output pin. Unlike other 
Output Macro Cell-type devices, the register 
in the OMC is fully functional as a buried 
register. Furthermore, both the combinatorial 
I/O and the buried register have separate 
input paths (from the AND array) and 
separate feedback paths (to the AND array). 
This feature provides the capability to operate 
the buried register independently from the 
combinatorial I/O. 


The PLC42VA12 is ideally suited for both 
synchronous and asynchronous logic 
functions. Eleven clock sources — 10 driven 
from the AND array and one from an external 
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[J ctx 
a 


source — make it possible to design 
synchronous state machine functions, 
event-driven state machine functions and 
combinatorial (asynchronous) functions all on 
the same chip. 


Sophisticated control functions support 
individual OE control and Reset functions 
from the AND array. OE control is also 
available from the 19/OE pin. Register Preset 
and Load functions are controlled from the 
AND array, in 2 banks of 4 for OMCs M1 — 
M8. Output Macro Cells MO and M9 have 
individual Preset and Load Control terms. 


Output Polarity for the combinatorial I/O 
paths is configurable via 12 programmable 
EX-OR gates. The output of each register 
can be configured as inverting (active Low) or 
non-inverting (active High) via manipulation of 
the logic equations. 


The output of each buried register can also 
be configured as inverting or non-inverting via 
the input buffer which feeds back to the AND 
array. 
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OUTPUT MACRO CELL PROGRAMMABLE OPTIONS 


OUTPUT MACRO CELL 


REGISTER CLOCK OPTIONS 
SELECT 


OPTIONS 


OMC OUTPUT ENABLE 
CONFIGURATION CONTROL 


OPTIONS OPTIONS 


ARCHITECTURAL OPTIONS 
REGISTER SELECT OPTIONS 


CLOCK 
OPTIONS 


OMC OUTPUT 
CONFIG. CONTROL 
OPTIONS OPTIONS 


AND ARRAY 


REGISTER MODE (D or JK) | CODE 
one | A 
Fo CONTROL P-TERM 


CLOCK 
OPTIONS 


FROM 
OR ARRAY 
OMC OUTPUT 
CONFIG. CONTROL 
OPTIONS OPTIONS 


FROM 
AND ARRAY 


REGISTER MODE (D or JK) | CODE 
roa 
FoCONTROLP-TERM | - | 


Notes on page 323. 


October 22, 1993 318 


OMC Programmable Options 

For purposes of programming, the Output 
Macro Cell should be considered to be 
partitioned into five separate blocks. As 
shown in the drawing titled “Output Macro Cell 
Programmable Options”, the programmable 
blocks are: Register Select Options, Polarity 
Options, Clock Options, OMC Configuration 
Options and Output Enable Control Options. 


There is one programmable location 
associated with each block except the Output 
Enable Control block which has two 
programmable fuse locations per OMC. 


The following drawings detail the options 
associated with each programmable block. 
The associated programming codes are also 
included. The table titled “Output Macro Cell 
Configurations” (page 323) lists all the 
possible combinations of the five 
programmable options. 


Register Select Options 

Each OMC Register can be configured either 
as a dedicated D-type or a J-K flip-flop. The 
Flip-Flop Control term, Fc, provides the 
option to control each Register 
dynamically—switching from D-type to J-K 
type, based on the Fc control signal. 


Register Preset and Reset are controlled 
from the AND array. Each OMC has an 
individual Reset Control term (RMn). The 
Register Preset function is controlled in two 
banks of 4 for OMCs M1 — M3 and M4 — M8 
(via the control terms PA and PB). OMCs MO 
and M9 have individual control terms (PMO 
and PM@9 respectively). 
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REGISTER SELECT OPTIONS (Continued) 


FROM 
OR ARRAY 


OMC OUTPUT 
CONFIG. CONTROL 
OPTIONS OPTIONS 


FROM 
AND ARRAY 


4] E> 


Fo=LOW ~~ Fc = HIGH 


FROM 
AND ARRAY 


POLARITY OPTIONS (for Combinatorial I/O Configurations Only’) 


OR ganay OMC CONFIG. OUTPUT SELECT im 
OPTIONS OPTIONS 


ACTIVE-HIGH (NON-4NVERTING) 


OR sae ) > OMC CONFIG. OUTPUT CONTROL oO 
OPTIONS OPTIONS 


~ POLARITY CODE 
ACTIVE-LOW (INVERTING) 


CLOCK OPTIONS 


REGISTER SELECT OPTIONS 


f D(OR J) C i 


K<] 
FROM 
OR ARRAY f 
> --F 4 «®) Q 
TO 
i 


AND ARRAY 


CLK OPTIONS | CODE | 
EXTERNAL CLOCK 
(FROM PIN 1) 


OUTPUT 
CONTROL 
OPTIONS 


CONFIG. 
OPTIONS 


REGISTER SELECT OPTIONS 


: D (OR J) CK 1 
FROM 
OR ARRAY 
OMC 
> - (K) Q CONFIG. 
OPTIONS 
TO 
z« 


AND ARRAY 


CLK OPTIONS CODE 
P-TERM CLOCK = | 


OUTPUT 
CONTROL 
OPTIONS 
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OMC OUTPUT 
CONFIG. CONTROL 
OPTIONS OPTIONS 


REGISTER MODE (D or JK) | CODE | 
DYNAMICALLY CONTROLLABLE FA | 
Fo CONTROL P-TERM | LorH | 


Polarity Options 

When an OMC is configured as a 
Combinatorial I/O with Buried Register, the 
polarity of the combinatorial path can be 
programmed as Active-High or Active-Low. A 
configurable EX-OR gate provides polarity 
control. 


If an OMC is configured as a Registered 
Output, /Q is propagated to the output pin. 
Note that either Q or /Q can be fedback to 
the AND array by manipulating the feedback 
logic equations. (TRUE or COMPLEMENT). 


Clock Options 

In the unprogrammed state, all Output Macro 
Cell clock sources are connected to the 
External Clock pin (Ip/CLK pin 1). Each OMC 
can be individually programmed such that its 
P-term Clock (CK,) is enabled, thus disabling 
it from the External Clock and providing 
event-driven clocking capability. 


This feature supports multiple state machines, 
clocked at several different rates, all on one 
chip, or the ability to collect large amounts of 
random logic, including 10 separately clocked 
flip-flops. 
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REGISTER SELECT OPTIONS 


FROM 
OR ARRAY 


OMC CONFIGURATION 
REGISTERED OUTPUT 
(D or JK) 


OUTPUT 
CONTROL 
OPTIONS 


OMC CONFIGURATION 
REGISTERED INPUT 
LOAD CONTROL P-TERM 


Notes on page 323. 
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REGISTER SELECT OPTIONS 


FROM 
OR ARRAY 


OUTPUT 
CONTROL 


OMC CONFIGURATION 


COMBINATORIAL OUTPUT 
WITH BURIED REGISTER 


OMC Configuration Options 

Each OMC can be configured as a Registered 
Output with feedback, a Registered Input or a 
Combinatorial I/O with Buried Register. 
Dedicated Input and dedicated I/O 
configurations are also possible. 


When the Combinatorial I/O option is selected, 
(the Register Bypass option), the Buried 
Register remains 100% functional, with its 
own inputs from the AND array and a separate 
feedback path. This unique feature is ideal for 
designing any type of state machine; 
synchronous Mealy-types that require both 
Buried and Output Registers, or asynchronous 
Mealy-types that require buried registers and 
combinatorial output functions. Both 
synchronous and asynchronous Moore-type 
state machines can also be easily 
accommodated with the flexible OMC 
structure. 
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(D or JK) 


Note that an OMC can be configured as 
either a Combinatorial I/O (with Buried 
Register) or a Registered Output with 
feedback and it can still be used as a 
Registered Input. By disabling the outputs via 
any OE control function, the M pin can be 
used as an input. When the Load Control 
P-term is asserted HIGH, the register is 
preloaded from the M pin(s). When the Lo 
P-term is Active-Low and the output is 
enabled, the OMC will again function as 
configured (either a combinatorial I/O or a 
registered output with feedback). This feature 
is suited for synchronizing input signals prior 
to commencing a state sequence. 
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OUTPUT CONTROL OPTIONS Output Enable Control Options 
Similar to the Clock Options, the Output 
Enable Control for each OMC can be 


connected either to an external source 
OMC (I9/OE, pin 13) or controlled from the AND 


OPTIONS array (P-terms DM,). Each Output can also 


be permanently enabled. 


es Output Enable control for the two 
AND ARRAY - bi-directional I/O (B pins 10 and 11) is from 
the AND array only (P-terms DBO and DB1 


OE CONTROL FUSE | CODE E, FUSE | CODE | respectively). 


OMC 
CONFIG. 
OMC OPTIONS 
CONFIG. 
OPTIONS 


TO 
TO AND ARRAY 
AND ARRAY 


COMPLEMENT ARRAY DETAIL Complement Array Detail 


The complement array is a special sequencer 
feature that is often used for detecting illegal 
states. It is also ideal for generating 
IF-THEN-ELSE logic statements with a 

Pes Pen P61 @@0@e@ Pi Po Fo LM, e@@@ PM, RM, minimum number of product terms. 


The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A* /B*/C) and (A + B + C) are equivalent, 
you will begin to see the value of this single 
term NOR array. 


The complement array is a single OR gate 
with inputs from the AND array. The output of 
the complement array is inverted and fedback 
to the AND array (NOR function). The output 
of the array will be LOW if any one or more of 
the AND terms connected to it are active 


(HIGH). If, however, all the connected terms 

are inactive (LOW), which is a classic 

unknown state, the output of the complement 
Gig g 8 cee G a array will be HIGH. 

Consider the product terms A, B and D that 

represent defined states. They are also 

connected to the input of the complement 


array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 


, Seca a ene connected to product term E, which could be 


TO OR ARRAY TO OMCs AND BIDIRECTIONAL 1/0 used in turn to preset the state machine to 
known state. Without the complement array, 


one would have to generate product terms for 
all unknown or illegal states. With very 
complex state machines, such an approach 
can be prohibitive, both in terms of time and 


Notes on page 323. wasted resources. 
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LOGIC PROGRAMMING 

The PLC42VA 12 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors 
SNAP design software package. ABEL™ and 
CUPL™ design software packages also 
support the PLC42VA12 architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


LOGIC IMPLEMENTATION 
“AND” ARRAY - (1), (B), (Qp) 


(T, Fo, LP, R, D)y 


STATE CODE 
INACTIVE! | o | 


“COMPLEMENT” ARRAY - (C) 


(Tn: Fe) 


ACTION 
INACTIVE! 3 


Tp, STATUS 
ACTIVE! 


Notes on page 323. 


ABEL is a trademark of Data I/O Corp. 
CUPL is a trademark of Logical Devices, Inc. 
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Ty STATUS 
INACTIVE 


PLC42VA 12 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format is 
supported by SNAP only. 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. Symbols for OMC 


(T, Fc, L P, R, D)y 


[sre [2008 
= 


(Tr Fo) 
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(T, Fo, L P, R, D)n 


(Th: Fo) 


PROPAGATE 


[rastarus | co0e | 
acme sen | * 


configuration have been previously defined in 
the Architectural Options section. 


PROGRAMMING AND 


SOFTWARE SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 
Software Support) of this data handbook for 
additional information. 


(T, Fo, UP, R, Dn 


STATE 
DON'T CARE 


(Ths Fc) 


TRANSPARENT 


Tr STATUS — | CODE | 
INACTIVE (RESET) pe 
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LOGIC IMPLEMENTATION (Continued) 
OUTPUT MACRO CELL CONFIGURATIONS 


PROGRAMMING CODES 
OUTPUT MACRO CELL 


REGISTER SELECT OMC CONFIGURATION POLARITY CLOCK 
CONFIGURATION FUSE FUSE FUSE FUSE 


Combinatorial I/O with Buried D-type register 


External clock source A HorL A 
P-term clock source A HorLl e 


Combinatorial I/O with Buried J-K type register 


External clock source HorL A 
P-term clock source HorLl ® 


Registered Output (D-type) with feedback 


External clock source A A N/A A 
P-term clock source A A N/A e 


Registered Output (J-K type) with feedback 


External clock source A N/A A 
P-term clock source A N/A e 


Registered Input (Clocked Preload) with feedback 
External clock source A Aore? Optional® A 
P-term clock source A Aor Optional® * 


OUTPUT CONTROL FUSES 


OE CONTROL FUSE CONTROL SIGNAL 
OMC controlled by P-term 


A A 
Low 
High 
Aor 0 
Output Enabled 
Output Disabled 


Output always Enabled a a ee 


NOTES: 

. This is the initial (unprogrammed) state of the device. 

Any gate will be unconditionally inhibited if both the TRUE and COMPLEMENT fuses are left intact. 

To prevent oscillations, this state is not allowed for Complement Array fuse pairs that are coupled to active product terms. 
The OMC Configuration fuse must be programmed as Combinatorial I/O in order to make use of the Polarity Option. 
Regardless of the programmed siate of the OMC Configuration fuse, an OMC can be used as a Registered Input. Note that the Load Control 
P-term must be asserted Active-High. 

Output must be disabled. 

Program code definitions: 

Active (unprogrammed fuse) 

Inactive (programmed fuse) 

Don't Care (both TRUE and COMPLEMENT fuses unprogrammed) 

Active-High connection 

Active-Low connection 

8. OE control for BO and B1 (Pins 10 and 11) is from the AND array only. 


OUTPUT ENABLE CONTROL® 
CONFIGURATION 
OMC controlled by /OE pin 
Output Enabled 
Output Disabled 


High 


ot he fe = 


ri 


rrliorx 
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TIMING DIAGRAMS TIMING DEFINITIONS 
SYMBOL| PARAMETER 


Clock Frequency; External Clock 
Clock Frequency; P-term Clock 


Width of Input Clock Pulse; 
External Clock 


Width of Input Clock Pulse; 
P-term Clock 


Interval between Clock pulses; 
External Clock 


Interval between Clock Pulses; 
P-term Clock 


Delay between the Positive 
tcko1 | Transition of External Clock and 
when M Outputs become valid. 


Delay between the Positive 
Transition of P-term Clock and 
when M Outputs become valid. 


fox1 
fox 


tckH1 


1,B, M 
(INPUTS) 


P-TERM CK 


(I, B, M) tcKH2 


& 


a roy rou 
= z x A 
9 mb | o 


Mi 
(OUTPUTS) 


I, B, M, OE TERM OR 
PIN 
(OUTPUT ENABLE) 


Delay between beginning of Valid 
Input and when the M outputs 
become Valid when using 
External Clock. 


Delay between beginning of Valid 
Input and when the M outputs 

become Valid when using P-term 
Clock. 


Delay between beginning of Valid 
Input and when the M outputs 
become Valid when using 
Preload Inputs (from M pins) and 
External Clock. 


Delay between beginning of Valid 
Input and when the M outputs 
become valid when using Preload 
inputs (from M pins) and P-term 
Clock. 


Delay between beginning of Valid 
Input and when the M outputs 
become Valid when using Com- 
plement Array and External clock. 


Delay between beginning of Valid 
Input and when the M outputs 
become Valid when using Com- 
plement Array and P-term Clock. 


Minimum guaranteed Operating 
Frequency; Dedicated Clock 
f Minimum guaranteed Operating 
MAX2 | Frequency; P-term Clock 


Minimum guaranteed Operating 
Frequency using Preload; 
Dedicated Clock (M pin to M pin) 


Minimum guaranteed Operating 
fuaxa | Frequency using Preload; P-term 
Clock (M pin to M pin) 


Minimum guaranteed Operating 
Frequency using Complement 
Array; Dedicated Clock 


Minimum Operating Frequency 
using Complement Array; P-term 
Clock 


Required delay between positive 
transition of External Clock and 
end of valid input data. 


Flip-Flop Outputs with P-term Clock 


1, B, M 
(INPUTS) 


EXTERNAL CK 
ov 


M Vou 
(OUTPUTS) 


VoL 


'RP1,5 
|, B, M, OE TERM = 
OR OE PIN 1.5V 1.5V 
(OUTPUT ENABLE) 


Flip-Flop Outputs with External Clock 


1,B 
(INPUTS) 


B,M 
(COMBINATORIAL 
OUTPUTS) 


1, B, M, OE TERM 
OR OE PIN 
(OUTPUT ENABLE) 


Gated Outputs 
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TIMING DIAGRAMS (Continued) 
,B 
(LOAD SELECT) 


1, B, OE TERM OR OE PIN 
(OUTPUT ENABLE) 


M 
(INPUT) 


P-TERM OR 
EXTERNAL CK 


Flip-Flop Input Mode (Preload) 


1, B,M 
(INPUTS) 


P-TERM OR VY 
EXTERNAL CK RS —_ 
‘ tis ‘CKO 


PRESET/RESET 
(I, B, M INPUTS) 


(PRESET) 
(RESET) 


(OUTPUTS) -_ : (PRESET) . 


“Preset and Reset functions override Clock. However, M outputs may glitch 
with the first positive Clock Edge if t;g cannot be guaranteed by the user. 


Asynchronous Preset/Reset 


M 
(OUTPUTS) 


|, B, M 
(INPUTS) 


P-TERM OR 
EXTERNAL CK 


tCKL 
tCK1,2 


Power-On Reset 
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TIMING DEFINITIONS (Continued) 


SYMBOL] PARAMETER 


Required delay between positive 
transition of P-term Clock and 


end of valid input data. 


Required delay between positive 
transition of External Clock and 
end of valid input data when us- 
ing Preload Inputs (from M pins). 


Required delay between positive 
transition of P-term Clock and 

end of valid input data when us- 
ing Preload Inputs (from M pins). 


Required delay between begin- 
tist ning of valid input and positive 
transition of External Clock. 


Required delay between begin- 
ning of valid input and positive 
transition of P-term Clock input. 


Required delay between 
beginning of valid Preload input 
(from M pins) and positive 

transition of External Clock. 


Required delay between 
beginning of valid Preload input 
(from M pins) and positive 

transition of P-term Clock input. 


Required delay between 
beginning of valid input through 
Complement Array and positive 
transition of External Clock. 


Required delay between 
beginning of valid input through 
Complement Array and positive 
transition of P-term Clock input. 


Delay between beginning of 
Output Enable signal (Low) from 
/OE pin and when Outputs 

become valid. 


Delay between beginning of 
Output Enable signal (High or 
Low) from OE P-term and when 
Outputs become valid. 


Delay between beginning of 
Output Enable signal (HIGH) from 
/OE pin and when Outputs 

become disabled. 


Delay between beginning of 
Output Enable signal (High or 

Low) from OE P-term and when 
Outputs become disabled. 


Delay between beginning of valid 
input and when the Outputs be- 
come valid (Combinatorial Path). 


Delay between beginning of valid 
Preset/Reset Input and when the 
registered Outputs become 

Preset (“1”) or Reset (“0”). 


Delay between Vcc (after 
power-up) and when flip-flops 

become Reset to “0”. Note: Signal 
at Output (M pin) will be inverted. 
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LOGIC FUNCTION 


Q3 Q2 Q1 QO 
fa fo}s{o| (sa ) PRESENT STATE 
STATE REGISTER A-BC~... 


> Te[o fe] G.) sexrsmre 


SET Qo: Jo = (G2 * Qy°Gp)-A-B-C... 


Ko =0 
RESET Q4:J,=0 
Ky =(Q3°G@2°*Q,°Gq) A’ BC... 


HOLD Qo: Jo = 0 
Kg =0 


RESET Q3: J3 = (Q3 ° G2‘ Q1°Up)-A-B-C... 
K3=(Q3°Q2°Q,°)'A-BC... 


NOTE: 
Similar logic functions are applicable for D 
mode flip-flops. 


FLIP-FLOP TRUTH TABLE 


1. Positive Logic: 
J-K =T9 +17, +4+To+... + T3; 
Th =C- (10-11-12...) - (QO. Q1...)- 
BO - B1...) 


X = Don't care 
* = Forced at M, pin for loading the J-K 
flip-flop in the Input mode. The load 


Ph 


denotes transition for Low to High level. 


PLC42VA12 UNPROGRAMMED 


STATE 

A factory shipped unprogrammed device is 
configured such that all cells are ina 
conductive state. 


The following are: 
ACTIVE: 
— OR array logic terms 
— Output Macro Cells M1 — M8; 
e D-type registered outputs (D = 0) 
— External clock path 
— Inputs: BO, B1, MO, M9 


INACTIVE: 
— AND array logic and control terms (except 
flip-flop mode control term, Fc) 


— Bidirectional I/O (BO, B1); 
e Inputs are active. Outputs are 3-Stated 
via the OE P-terms, DO and D1. 
e D-type registers (D = 0). 
— Output Macro Cells MO and M9; 
e Bidirectional !/O, 3-Stated via the OE 


P-terms, DMO and DMS. The inputs are 
active. 


— P-term clocks 
— Complement Array 
— J-K Flip-Flop mode 


PROGRAMMING AND 
SOFTWARE SUPPORT 


Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 
Software Support) in this data handbook for 
additional information. 


control term, L, must be enabled (HIGH) 
and the p-terms that are connected to the 
associated flip-flop must be forced LOW 
(disabled) during Preload. 

AtP = R=H, Q=H. The final state of Q 
depends on which is released first. 

** = Forced at F, pin to load J/K flip-flop 
(Diagnostic mode). 
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ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 


The erasure characteristics of the 
PLC42VA12 devices are such that erasure 
begins to occur upon exposure to light with 
wavelength shorter than approximately 4000 
Angstroms (A). It should be noted that 
sunlight and certain types of fluorescent 
lamps have wavelengths in the 3000 — 4000A 
range. Data shows that constant exposure to 
room level fluorescent lighting could erase a 
typical PLC42VA12 in approximately three 
years, while it would take approximately one 
week to cause erasure when exposed to 
direct sunlight. If the PLC42VA12 is to be 
exposed to these types of lighting conditions 
for extended periods of time, opaque labels 
should be placed over the window to prevent 
unintentional erasure. 


The recommended erasure procedure for the 
PLC42VA12 is exposure to shortwave 
ultraviolet light which has a wavelength of 
2537 Angstroms (A). The integrated dose 
(i.e., UV intensity x exposure time) for 
erasure should be a minimum of 
15Wsec/cm2. The erasure time with this 
dosage is approximately 30 to 35 minutes 
using an ultraviolet lamp with a 
12,000),.W/cm? power rating. The device 
should be placed within one inch of the lamp 
tubes during erasure. The maximum 
integrated dose a CMOS EPLD can be 
exposed to without damage is 7258Wsec/cm? 
(1 week @ 12000uW/cm2). Exposure of 
these CMOS EPLDs to high intensity UV light 
for longer periods may cause permanent 
damage. 


The maximum number of guaranteed 
erase/write cycles is 50. Data retentions 
exceeds 20 years. 
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CMOS programmable multi-funct 


(42 x 105 x 12) 


PROGRAM TABLE 


OUTPUT ENABLE CONTROL 


POLARITY 
PTT TT TTT TTT 


Flip-Flop Preset 


Dynamic Flip-Flop Mode Control 
OMC Direction Control 
1/O Direction Control 

LM,and LA,B = OMC Load 

PMp and PA,B 


RMn 


Flip-Flop Reset 


CK, = Asynchronous Clock Control 
Fe 

DM, 

Dy 


CONTROLLED FROM PIN OE CONTROL 
OR ARRAY 


FIXED OR CONTROLLED 


|| ty | sf] 

Pt tt Das 

| {| tT | 2 

SEU Sad a ena eee deere eee — 
Lig} 

af 


CCE CECE CEECCELECECEELEEELE EEE EEE EEE EEE EEE HH BEC CEEECEECEER EEE EEC ast 
Eee 
Sr I mL mG FOE erp LN alalatalel letalsislelelzlala|tatzizialstalsicialsislelseisistalseisisistsist eae 


>atao-aqow 
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LM, PMpn RMp CKn DMy DMn Bh 
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October 22, 1993 328 


Philips Semiconductors Programmable Logic Devices Product specification 


eS cA 
CMOS programmable logic sequencer PLC415-16 


(17 x 68 x 8) 
Bee a aN RS aS RS 2 ES NS DNC ES IONE I, 


DESCRIPTION PIN CONFIGURATIONS 


The PLC415-16 PLD is a CMOS 


FEATURES 


® Pin-for-Pin compatible, functional superset 


Programmable Logic Sequencer of the Mealy 
type. The PLC415-16 is a pin-for-pin 
compatible, functional superset of the 
PLS105 and PLUS405 Bipolar 
Programmable Logic Sequencer devices. 


The PLC415 is ideally suited for high density, 
power sensitive controller functions. The 
Power Down feature provides true CMOS 
standby power levels of less than 100A. The 
EPROM-based process technology supports 
operating frequencies of 16 to 20MHz. The 
PLC415-16 has been designed to accept 
both CMOS and TTL input levels to facilitate 
logic integration in almost any system 
environment. 


The PLC415 architecture has been tailored 
for state machine functions. Both arrays are 
programmable, thus providing full 
interconnectability. Any one or all of the 64 
AND transition terms can be connected to 
any (or all) of the 8 buried state and 8 output 
registers. 


Two clock sources enable the design of 2 
state machines on one chip. Separate INIT 
functions and Output Enable functions for 
each are controllable either from the array or 
from an external pin. The J-K flip-flops 
provide the added flexibility of the toggle 
function which is indeterminate on S-R 
flip-flops. The programmable Initialization 
feature supports asynchronous initialization of 
the state machine to any user defined 
pattern. 


The unique Complement Array feature 
supports complex ELSE transition statements 
with a single product term. The PLC415-16 
has 2 Complement Arrays which allows the 
user to design two independent complement 
functions. This is particularly useful if two 
state machines have been implemented on 
one chip. 


of PLS105/A and PLUS405 Logic 
Sequencers 


® Zero standby power of less than 100A 
(worst case) 
— Power dissipation at fyax = 80mA 
(worst case) 
®@ CMOS and TTL compatible 


®@ Programmable asynchronous Initialization 
and OE functions 


— Controllable from AND Array or external 


source 
@ {7 input variables 
® 8 output functions 


® 68 Product Terms 
— 64 transition terms 
— 4control terms 


© 8-bit State Register 

® 8-bit Output Register 

® 2 Transition Complement Arrays 
®@ Multiple clocks 


® Diagnostic test modes features for access 
to state and output registers 


® Power-on preset of all registers to “1” 
@ J-K flip-flops 
— Automatic Hold states 


® Security Fuse 


® 3-State outputs 


APPLICATIONS 


® interface protocols 

® Sequence detectors 

® Peripheral controllers 

@ Timing generators 

® Arbitration functions 

® Sequential circuits 

® Security locking systems 
® Counters 


® Shift Registers 


N, FA Packages 


NOTE: 
N = Plastic DIP (600mil-wide) 
FA = Ceramic DIP with Quartz window (600mil-wide) 


A Package 


IS/CLK 16 17 CLK Vocla_ 19 


FS F4& GNDF3 F2 Fi FO 


NOTE: 
A= Plastic Leaded Chip Carrier 


ORDERING INFORMATION 
OPERATING 


DRAWING 
DESCRIPTION FREQUENCY ORDER CODE NUMBER 


28-Pin Ceramic DIP with window; Reprogrammable (600mil-wide) fax = 16MHz PLC415—16FA 1478A 


28-Pin Plastic DIP; One-Time Programmable (600mil-wide) fuax = 16MHz PLC415—-16N 0413B 
28-Pin Plastic Leaded Chip Carrier; One-Time Programmable (450mil-wide) fax = 16MHz PLC415-16A 0401F 
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PIN DESCRIPTION 


ules SYMBOL NAME AND FUNCTION POLARITY 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this | Active-High (H) 
line is necessary to update the contents of both registers. Pin 1 only clocks PO-3 and FO-3 
if Pin 4 is also being used as a clock. 


Active-High/Low 
(H/L) 


10-14, 17, 16 
Igi9 
113-115 


I5/CLK2 


Logic Inputs: The 12 external inputs to the AND array used to program jump conditions 
between machine states, as determined by a given logic sequence. True and complement 
signals are generated via use of “H” and “L”. 


Logic Input/Clock: A user programmable function: 


Active-High/Low 
(H/L) 


Active-High (H) 


@ Logic Input: A 13th external logic input to the AND array, as above. 


@ Clock: A 2nd clock for the State Registers P4—7 and Output Registers F4—7, as above. 
Note that input buffer |; must be deleted from the AND array (i.e., all fuse locations “Don't 
Care”) when using Pin 4 as a Clock. 


Active-High/Low 
(H/L) 


Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when 
exercising standard TTL or CMOS levels. When 112 is held at +11V, device outputs FO-F7 
reflect the contents of State Register bits PO-P7. The contents of each Output Register 
remains unaltered. 


Active-High/Low 
(H/L) 


Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when 
exercising standard TTL or CMOS levels. When I11 is held at +11V, device outputs FO-F7 
become direct inputs for State Register bits PO-P7; a Low-to-High transition on the 
appropriate clock line loads the values on pins FO-F7 into the State Register bits PO—P7. 
The contents of each Output Register remains unaltered. 


Active-High/Low 
(H/L) 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when 
exercising standard TTL or CMOS levels. When 110 is held at +11V, device outputs FO-F7 
become direct inputs for Output Register bits QOQ-Q7; a Low-to-High transition on the 
appropriate clock line loads the values on pins FO-F7 into the Output Register bits QO-Q7. 
The contents of each State Register remains unaltered. 


Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which Active-High (H) 
normally reflect the contents of Output Register Bits QO—Q7, when enabled. When 112 is 
held at +11V, FO-F7 = (PO—-P7). When 111 is held at +11V, FO-F7 become inputs to State 
Register bits PO-P7. When 110 is held at +11V, FO-F7 become inputs to Output Register 


bits QO-Q7. 


External Initialization, External /OE, PD or 116: A user programmable function: Only one 
of the four options below may be selected. Note that both Initialization and /OE options are 
alternately available via the AND array. (P-terms INA, INB, OEA, and OEB.) 


INIT/OE 
116/PD 


e External Initialization: Provides an asynchronous Preset to logic “1” or Reset to logic Active-High (H) 
“0” of any or all State and Output Registers, determined individually on a 
register-by-register basis. INIT overrides the clock, and when held High, clocking is 
inhibited. Normal clocking resumes with the first full clock pulse following a High-to-Low 
clock transition, after the INIT pulse goes Low. See timing diagrams for tyycx and tycx. 
Note that if the External Initialization option is selected, 116 is disabled automatically via the 
design software and the Power Down and External OE options are not available. Internal 
OE is available via P-Terms OEA and/or OEB. This option can be selected for one or both 
banks of registers. 


e External Output Enable: Provides an Output Enable/Disable function for Output Active-Low (L) 
Registers. Note that if the External OE option is selected, 116 is disabled automatically via 
the design software and the Power Down and External INIT options are not available. 

Internal INIT is available via P-terms INA and/or INB. This option can be selected for one 


or both banks of registers. 


@ Power Down: When invoked, provides a Power Down (zero power) mode. The contents | Active-High (H) 
of all Registers is retained, despite the toggling of the Inputs or the clocks. To obtain the 
lowest possible power level, all Inputs should be static and at CMOS input levels. Note that 
if the PD options is selected, |1¢ is disabled automatically via the design software and the 
External INIT and External OE options are not available. Internal INIT is available via 
P-terms INA and/or INB and Internal OE is available via P-terms OEA and/or OEB. 


¢ Logic Input: The 17th external logic input to the AND array as above. Note that when 
the 116 option is selected, the Power Down, External /OE and External INIT are not 
available. Internal OE and Internal INIT are available from P-Terms OEA/OEB and 
INA/INB, respectively. 


Active-High/Low 
(H/L) 
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TRUTH TABLE 1:2; 3; 4, 5 


OPTION 


Voc 


x KK KR LK KK 


J 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
L 
L 
H 
H 
X 


x | 9 RFD DIK KOR KI KK BOO Ox 
x(x m cs rl ee OK mK RIK OK OK KI 


rlrecieeseest fa 


~< 


+ 
on 
< 


: 


NOTES: 
1. Positive Logic: 
S/R (or J/K) = To + Ty +To+. o* T63 
Th = (Co, ©x)(10, 11, 12,.. .) (PO, P1... P7) 
denotes transition from Low-to-High level. 
X = Don't Care (<5.5V) 
H/L implies that either a High or a Low can occur, depending upon user-programmed Initialization selection (each State and Output Register 
individually programmable). 
5. When using the F, pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 
on the output pins are forced by the user. 


& ON 


VIRGIN STATE LOGIC FUNCTION 
A factory-shipped virgin device contains all 
fusible links intact, such that: Q3_ Q2 Qi QO 
1. INIT/OE/PD/116 is set to INIT. In order to a a) ot | (sn) PRESENT STATE 
use the INIT function, the user must 
select either the PRESET or the RESET STATE REGISTER A-B-C-... 
option for each flip-flop. Note that 
regardless of the user-programmed fofojo}a| S&S BEAT SOE 
initialization, or even if the INIT function is 
not used, all registers are preset to “1” by SET Qo: Jo = (2° Qy° Gp): A-B-C... 
the power-up procedure. Kg =0 
2. All transition terms are inactive (0). HESEE “re = (0, Wp + Qy Uy) -K-B-C... 
3. All J/K flip-flop inputs are disabled (0). 
HOLD Qo: Jz = 0 
4. The Complement Arrays are inactive. Ko =0 
5. Clock 1 is connected to all State and RESET Q3: J3 = (Q3 Gp °Q,°G)-A-B- 
Output Registers. K3 = (Q3 -Q2°Qy°Qo)' AB: 
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FUNCTIONAL DIAGRAM 


OEB OEA INA _INB 


IS/CK2 


— EXTERNAL 
a INIT/OE 
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CLK1/CLK2 


r 5 


EET 
Non TTS Sal ga a 


PCAC TTP 


\ 
<4 
\- it) : 


Programmable connection. 


LOGIC DIAGRAM 
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DETAILS FOR PLC415-16 LOGIC DIAGRAM 


TO OUTPUT 
PINS 


FROM OE PIN 19 
OR PTERM OEA (FO-3) 
OR OEB (F4-7) 


FROM INIT PIN 19 FROM CLK1 
OR PTERM INA (FO0-3) OR CLK2 
FROM INIT PIN 19 FROM CLK1 OR INB (F4—7) 
OR PTERM INA (P0-3) OR CLK2 
OR INB (P47) 


Detail A Detail B 
State Registers PO — P7 Output Registers F0 — F7 


INTERNAL 
OE 


[XS A 


Cc 
EXTERNAL & 
1 = INtTOROE > 9 
=: FROM AND 
ARRAY — OEANIT/PDIE 
(PIN 19) 


Detail C 
Pin 19 Options: OE, Initialization, Power Down and Input 16 


FROM P4-—7 AND PO-3 AND 
AND ARRAY F4—7 INIT FO-3 INIT 


FROM PIN 19 
CONTROL 


Detail D 
Internal and External Initialization 
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DETAILS FOR PLC415-16 LOGIC DIAGRAM (Continued) 


OEB OEA 


The Complement Array is a special 
sequencer feature that is often used for 
detecting illegal states. It is also ideal for 
generating IF-THEN-ELSE logic statements 
with a minimum number of product terms. 


The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A + /B « /C) and (A + B +C) are equivalent, 
you will begin to see the value of this single 
term NOR array. 


The Complement Array is a single OR gate 
with inputs from the AND array. The output of 
the Complement Array is inverted and fed 
back to the AND array (NOR). The output of 
the array will be Low if any one or more of the 


ABSOLUTE MAXIMUM RATINGS"! 


TO OR ARRAY 


Complement Array Detail 


AND terms connected to it are active (High). 
If, however, all the connected terms are 
inactive (Low), which is a classic unknown 
state, the output of the Complement Array will 
be High. 


Consider the Product Terms A, B and D that 
represent defined states. They are also 
connected to the input of the Complement 
Array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to Product Term E, which could be 
used in turn to reset the state machine to a 
known state. Without the Complement Array, 
one would have to generate product terms for 


Voc 


Storage temperature range —65 to +150 


1. Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 
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all unknown or illegal states. With very 
complex state machines, such an approach 
can be prohibitive, both in terms of time and 
wasted resources. 


Note that the PLC416-16 has 2 Complement 
Arrays which allow the user to design 2 
independent Complement functions. This is 
particularly useful if 2 independent state 
machines have been implemented on one 
device. 


Note that use of the Complement Array adds 
an additional delay path through the device. 
Please refer to the AC Electrical 
Characteristics for details. 
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DC ELECTRICAL CHARACTERISTICS 
0°C < Tamb S +75°C, 4.75 < Vog < 5.25V 


ae 
=c em [ f=. 
ce 


Ne Low Vin = GND 


Output current 


= i 
Vcc supply current with PD Vcc = MAX 

CCSB asserted’ Vin = 0 or Voc 

lec Voc supply current Active 4:5 lout = OMA at f = 1MHz 
(TTL or CMOS Inputs) Voc = MAX at f = MAX 


: 
{e) 
Be 
oy 
¥ 
i 
do 
ho 
3 
> 

uP 

° 
ie ; 


—_ 

io) 

Oo 
a 


= 


Capacitance 


2 


<< 
Zo 
4°? 
ry II 

on 
S< 
8 
=A 


Cx /0 Vg = 2.0V 


= 
Oo 
= 
m 
4 


. All typical values are at Voc = 5V. Tamb = +25°C. 

. All voltage values are with respect to network ground terminal. 

. Duration of short-circuit should not exceed one second. Test one ata time. 

. Tested with TTL input levels: Vi, = 0.45V, Vi = 2.4V. Measured with all inputs and outputs switching. 

. Refer to Figure 1, lcc vs Frequency (worst case). 

. Refer to Figure 2 for Atpp vs output capacitance loading. 

. The outputs are automatically 3-Stated when the device is in the Power Down mode. To achieve the lowest possible current, the inputs and 
clocks should be at CMOS static levels. 


NOOO WOM — 


60 
50 
= 

— 40 
oO 

© 30 
20 


ARBRE E 
SL 


LINE TPT 
eee 
2c. SEER 
Lec tt 
Fleece Me 
eae ee 
pt tt tT AT 


12 4 6 8 10 12 14 16 18 
{(MHz) 


0 20 40 60 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 


Figure 2. Atpp vs Output 
Capacitance Loading (Typical) 


Figure 1. Icc vs Frequency 
(Worst Case) 
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AC ELECTRICAL CHARACTERISTICS 
R, = 2520, Ro = 178, 0°C < Tam $ +75°C, 4.75 < Veg $ 5.25V 


TEST LIMITS 
SYMBOL PARAMETER TO CONDITION | MIN | TYP | MAX | UNIT 


[tom | Clockwigh Ke TK opr fas | ot | ns 
[to | Clocktower | st ts 
tiNITH Initialization Input pulse INIT+ 30pF P20 ff fons 


Set-up time 


tisa! Input through Complement array (I) +/- CK+ 30pF | 60 | 


Power Down Setup (from PD pin) 
tispu Power Up Setup (from PD pin) 
tys' Power on Preset Setup V, 


Clock resume (after INIT) when 
WveK1 using INIT pin (pin 19) INIT— CK- S0pF 


2) 
A 
| 
wo 
=) 
no) 
7m 


Clock resume (after INIT) when 

1 a a 

WveKa using P-term INIT (from AND array) CK S0pF 
t Clock lockout (before INIT) when C 

NVCK1 using INIT pin (pin 19) 


1 Clock lockout (before INIT) when 


using P-term INIT (from AND array) © 


tnvcK2 


z| =z 
717 
Ww w 
© (=) 
wT ne) 
ma] TI 


Clock to Output 


Power Down to outputs off 


oO 

+ 

on 
Tv 


Power Up to outputs Active 
with dedicated Output Enable 


jun Outputs Active 30pF i 
, Power Up to outputs Active 
tpua2 1 
with P-term Output Enable 


Last valid clock to Power Down ; 

delay (Hold) Last Valid Clock PD+ 30pF 

First valid clock cycle before Power | Beginning of First Snare x 
Valid Clock Cycle p 


toes? Output Enable: from /OE pin Output Enabled 


sr 

a 

ee 
(ye | Oupurerabes | aor | | = | o | w | 

a 

a 

200 

=a 


UuiO 


Output Enable; from P—term 


oO” 


E2 


m 


+ | Ouwurdisabes | so |__| 2 | 90 | 6 
(I) +/— Output Disabled 5pF 


Output Disable; from /OE pin 
Output Disable; from P-term 


i 


tiniT4 INIT to output when using INIT pin 


INIT to output when using P-term 


tinit2 INIT 


i 
_ 
vor | ee | or | | ip 


tppr! Power-on Preset (F, = 1) 


Registered operating period; 
(tis: + texo1) 


Registered operating period with 
Complement Array (tis + tcKo1) 


no] 


Notes on following page 
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AC ELECTRICAL CHARACTERISTICS (Continued) 
Ry = 252Q, Ro = 178Q, 0°C < Tam $ +75°C, 4.75 < Vog $ 5.25V 


TEST LIMITS 
SYMBOL PARAMETER TO CONDITION | MIN | TYP | MAX UNIT 


Frequency of operation 


Registered operating frequency E 
-- /— 30pF 16.7 25 MHz 
(tist + tcKo1) Uae (Py P 
Registered operating frequency with 

Complement Array (tiso + toxoy)' (I) +/— (F) +/- 30pF 13.3 } 18.2 MHz 

NOTE: 

1. Not 100% tested, but guaranteed by design/characterization. 

2. All propagation delays and setup times are measured and specified under worst case conditions. 

3. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S, closed. 

TIMING DIAGRAMS 


CLK1/2 


OE 
(from OEA/B or Pin 18) 
tOE 


Sequential Mode 


CLK1/2 


IN we on PN 0 | OA 


Asynchronous Initialization 
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The PLC416-16 has a unique power down all the State and Output registers. In order to 
feature that is ideal for power sensitive insure that the last valid states are saved, 
controller and state machine applications. there are certain hold times associated with 
During idle periods, the PLC415 can be the first and last valid clock edges and the 
powered down to a near zero power Power Down input pulse. The Outputs are 
consumption level of less than 100 micro then automatically 3-Stated and power 
Amps. Externally controlled from Pin 19, the consumption is reduced to a minimum. 


power down sequence first saves the data in 
TIMING DIAGRAMS (Continued) 
KKK 


LAST VALID 
CLOCK 


“HPU 


— 
LAST VALID 
OUTPUT STATE 


POWER DOWN POWER UP 


Power Down Enable and Disable 


is 


Power-On Preset 
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Once in the power down mode, any or all of 
the inputs, including the clocks, may be 
toggled without the loss of data. To obtain the 
lowest possible power level, the inputs should 
be at static CMOS input levels during the 
power down period. 


FIRST VALID 
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TIMING DIAGRAMS (Continued) 


0 -111, 
13-6 


“INTERNAL 
Q7 staTeEREG. (Ps) 


won| | = Deak Vso 
‘cKO 


OE 


Diagnostic Mode—State Register Outputs 


FO — F7 
(INPUTS) 


Qp 
STATE 
REG. 


Diagnostic Mode—State Register Input Jam 


CLK1/2 


Diagnostic Mode—Output Register Input Jam 
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TIMING DEFINITIONS 


SYMBOL PARAMETER 


Minimum guaranteed toggle 
frequency of the clock (from 
Clock HIGH to Clock HIGH). 


Minimum guaranteed 
operating frequency. 
tCKH Width of input clock pulse. 


toKL Interval between clock 
pulses. 


Minimum guaranteed 
operating period — when not 
using Complement Array. 


=a 
1?) 
f— 
xz 


Minimum guaranteed 
operating period — when 
using Complement Array. 


Delay between positive 
transition of Clock and when 
Outputs become valid (with 
outputs enabled). 


tcKo 


Required delay between 
positive transition of Clock 
and end of valid Input data. 


Required delay between the 
positive transition of the 
beginning of the first valid 
clock cycle to the beginning 
of Power Down LOW to 
insure that the last valid 
States are intact and that the 
next positive transition of the 
clock is valid. 


tHPD 


Required delay between the 
positive transition of the last 
valid clock and the beginning 
of Power Down HIGH to 
insure that last valid states 
are saved. 


Width of initialization input 
pulse. 


Delay between positive 
transition of Initialization and 
when Outputs become valid 
when using external INIT 
control (from pin 19). 


tiPU 


UNITH 


tints 


Delay between positive 
transition of Initialization and 
when outputs become valid 
when using internal INIT 
control (from P-terms INA 
and INB). 


tinit2 


Required delay between the 
beginning of Power Down 
HIGH (from pin 19) and the 
positive transition of the next 
clock to insure that the clock 
edge is not detected as a 
valid Clock and that the last 
valid states are saved. 


= 
x= 
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SYMBOL PARAMETER 


Required delay between the 


beginning of Power Down 


LOW and the positive 
tis2 


transition of the first valid 
clock. 


Required delay between 
beginning of valid input and 
positive transition of Clock. 


Required delay between 
beginning of valid input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through 
the AND Array). 


Required delay between the 
negative transition of the 
clock and the negative 
transition of the 
Asynchronous Initialization 
when using external INIT 
control (from pin 19) to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 


Required delay between the 
negative transition of the 
clock and the negative 
transition of the 
Asynchronous Initialization, 
when using the internal INIT 
control (from P-terms INA 
and INB), to guarantee that 
the clock edge is not detected 
as a valid negative transition. 


Delay between beginning of 
Output Enable High and 
when Outputs are in the 
OFF-State, when using 
external OE control (from 
pin 19). 


Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State when using 
internal OE control (from 
P-terms OEA and OEB). 


Delay between beginning of 
Output Enable Low and when 
Outputs become valid when 
using external OE control 
from pin 19. 


Delay between beginning of 
Output Enable Low and when 
outputs become valid when 
using internal OE control 
(from P-terms OEA and 
OEB). 


Delay between beginning of 
Power Down HIGH and when 
outputs are in OFF-State and 
the circuit is “powered down”. 


tppz 


SYMBOL PARAMETER 


- Delay between Vcc (after 


power-on) and when Outputs 


tppR 

become preset at “1”. 
tRH 
tsRD 


Delay between beginning of 
Power Down LOW and when 
outputs become Active (valid) 
and the circuit is “powered 

up”. See AC Specifications. 


Required delay between 
positive transition of Clock 
and end of valid Input data 
when jamming data into State 
or Output Registers in 
diagnostic mode. 


Required delay between 
positive transition of Clock 
and end of inputs 111 or 110 
transition to State and Output 
Register Input Jam 
Diagnostic Modes, 
respectively. 


tsRE 


tvck1 
tvcK2 


tvs 


Required delay between 
when inputs 111 or 110 
transition to State and Output 
Register Input Jam 
Diagnostic Modes, 
respectively, and when the 
output pins become available 
as inputs. 


Delay between input 112 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 

Register. 


Delay between input 112 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 

Register. 


Required delay between 
negative transition of 
Asynchronous Initialization 
and negative transition of 
Clock preceding the first valid 
clock pulse when using 
external INIT control (pin 19). 


Required delay between the 
negative transition of the 
Asynchronous Initialization 
and the negative transition of 
the clock preceding the first 
valid clock pulse when using 
internal INIT control (from 
P—terms INA and INB). 


Required delay between Vcc 
(after power-on) and negative 
transition of Clock preceding 
first reliable clock pulse. 
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TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 


OUTPUTS 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
NOTE: inputs and outputs, unless otherwise specified. 


C1 and C2 are to bypass Vcc to GND. Input Pulses 


LOGIC PROGRAMMING 
The PLC416-16 is fully supported by industry | CUPL also accept, as input, schematic To implement the desired logic functions, 
standard (JEDEC compatible) PLD CAD capture format. each logic variable (I, B, P, S, T, etc.) from the 


logic equations if assigned a symbol. TRUE, 
COMPLEMENT, PRESET, RESET, OUTPUT 
ENABLE, INACTIVE, etc., symbols are 
defined below. 


tools, including Philips Semiconductors 
SNAP design software package. ABEL™ and 
CUPL™ design software packages also 
support the PLC416-16 architecture. 


PLC416-16 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format is 
All packages allow Boolean and state supported by SNAP only. 

equation entry formats. SNAP, ABEL and 


INITIALIZATION (PRESET/RESET)"' OPTION — (P/R) 


bs 
ke _ 


INIT 


[—xerion —_[600E 
TNDETEMMNATEAS| 0 _| 


inactive? | oo 


Notes are on page 344. 


ABEL is a trademark of Data I/O Comm. 
CUPL is a trademark of Logical Devices, Inc. 
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LOGIC PROGRAMMING (Continued) 
PIN 19 FUNCTION: POWER DOWN, INIITALIZATION, OE, OR INPUT 


Power Down Mode P-Term Initialization Control 


FROM AND ARRAY 
(PD FUSE) (INIT/OE FUSE) 


POWER DOWN 
CONTROL OE DISABLED 


FROM PIN 19 FROM PIN 19 


N PRESET/RESET 
1 lee TO REGISTERS 


INTERNAL INIT FUSE 


ng DSSeLED INIT DISABLED 


FROM PIN 19 


INTERNAL INIT FUSES | CODE | 
POWER DOWN FUSE CODE = TEDAN T anNT GE 7a 


PIN 19 AS POWER DOWN 
[EXTERNAL INT/OE FUSE] ee 


EXTERNAL INIT/OE FUSE POWER DOWN ENABLED OR 
EXTERNAL INIT/OE DISABLED L DISABLED HORL 


External Initialization Control P-Term OE Control 


(PD FUSE) (INIT/OE FUSE) FROM AND ARRAY 


POWER DOWN OE DISABLED 
DISABLED Pou oan 
FROM PIN 19 19 
INIT CONTROL 
FROM PIN 19 OUTPUT ENABLE 
CONTROL 
146 DISABLED INTERNAL OE FUSE 
= OE DISABLED 


aoe FROM PIN 19 
POWER DOWN DISABLED 
EXTERNAL INIT/OE FUSE CODE INTERNAL OE FUSES | CODE | 
PIN 19 AS EXTERNAL INIT P-TERM OE CONTROL 
INTERNAL INIT FUSES CODE POWER DOWN FUSE CODE 


P-TERM INIT ACTIVE OR -— POWER DOWN ENABLED OR 
INACTIVE HORL*: DISABLED HORL 


External Output Enable Control 


(PD FUSE) (INIT/OE FUSE) 


POWER DOWN OE CONTROL 
DISABLED FROM PIN 
FROM PIN 19 = 


INIT DISABLED 
FROM PIN 19 


11g DISABLED 


POWER DOWN DISABLED 


EXTERNAL INIT/OE FUSE 
PIN 19 AS EXTERNAL OE 


INTERNAL INIT FUSES 


P-TERM OE ACTIVE OR 7.8 
INACTIVE HOR L* 


Notes are on page 344. 
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LOGIC PROGRAMMING (Continued) 


“OR” ARRAY — J-K FUNCTION - (N), (F) 


“COMPLEMENT” ARRAY - (C) 


c 
c 
Th 


[—acrion [cove 
ne a 


INACTIVE! 3 


CLK2 


CLK1 


| OPTION | CODE _| 


NOTES: 

. This is the initial unprogrammed state of all links. 

. Any gate T,, will be unconditionally inhibited if any one of its | or P link pairs is left intact. 

. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp. 

. These states are not allowed when using PRESET/RESET option. 

. Input buffer I; must be deleted from the AND array (i.e., all fuse locations “Don't Care”) when using second clock option. 

. When using Power Down feature, INPUT 16 is automatically disabled via the design software. 

. If the internal (P-term) control fuse for INIT and/or OE is programmed as Active High, the associated External Control function will be 
permanently disabled, regardless of the state of the External INIT/OE fuse. 

8. One internal control fuse exists for each group of 8 registers. PO — 3 and FO — 3 are banked together in one group, as are P4 — 7 and F4 — 
7. Control can be split between the INIT/OE pin (Pin 19) and P-terms INA, INB, OEA and OEB. 

9. The PLC416-16 also has a power-up preset feature. This feature insures that the device will power-up in a known state with all register 
elements (State and Output Register) at a logic High (H). When programming the device it is important to realize this is the initial state of 
the device. You must provide a next state jump if you do not wish to use all Highs (H) as the present state. 

10. L = cell unprogrammed. 
H = cell programmed. 

11. Inputs 10, 11 and 12 (pins 25, 24, & 23) can be used for supervoltage diagnostic mode tests. It is recommended that these inputs not be 
connected to product terms INA, INB, OEA or OEB if you intend to make use of the diagnostic modes due to the fact that the patterns 
associated with the internal INIT and OE control product terms may interfere with the diagnostic mode data loading and reading. 


c 
c 
Th 


[AeTION [CODE] 
[TRanseanent | - 


PROPAGATE 


OPTION 
CLK1 and CLK2° 


NOOR WHY — 
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OUTPUT (Fn) 


See eS ee 
IN7|N6]NS|N4/N3/N2/N1|NO]F7 |F6 |FS [F4 [F3|F2 |F1 [FO 


INDETERMINATE | O| 


SE | 
FETT TT TIT TTT TTT TTT TT TTT ET TE TTT 
EMERG PEI TIT T TTT TTT TTT EE 
Ble |e | yl wit TT TTT TTT TT TTT TTT TTT TTT ETT TTT TT 
S Bolea| a) || BELCCICITE THT Teer eee eee Cee Pee cee PT 

= |q\8q| [CIs - z tT tt Raee Seam Z 

6 ales] (gs i LTT TT TTT TTT TTT TTT TT 
S2|52) [3/2 LTT TTT TTT TTT TTT TT ET 
SILI LITT IIIT TIT TTI EE EEE EEE EET TTT ETT 


ENTERNAL INIT 
EXTERNAL OE | HI 
INTERNAL INIT/OE 


INTERNAL INIT/OE 
DISABLED 


ENABLED 


OR (Ns, Fn) 


INTERNAL OE 

INPUT (Im) 

[t9 | 18} 17 | 
ra ae 
am 
Sian 
me 
| | 
sl 
Ek ae 
me 
ae 
mm 
a 
mest 
mae 
osc 
| 
aa 
i i 
les 
teed 
mn ae 
| | 
ee 
eo ow 
am 
mrss 
=e 
a 
aa 
Ll 
| {| 
i 
og 
mm 
| | 
a 
= 
a 
| 
pt 
=a 
| 
coca 
a 
call scl 
eae! 
ae 
am 
bc! 
mie 
tad 
nz 
=a 
mms 
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In the unprogrammed state all cells are conducting. Thus, the program table for an unprogrammed device would contain "O"s for all product terms (inactive) and 


initialization states (indeterminate). The default or unprogrammed state of all other options is “L". 


2. Unused Cn, Im and Ps cells are normally programmed as Don't Care (-). 
3. Unused product terms can be left blank (inactive) for future code modification. 


rep |w} [eenerare [a 


rinacrve [0] [wactve [0] 
ie 


AWVN LOSPrOud AIWVN HAWOLSNOD 


PROGRAM TABLE 


NOTES: 


1 
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ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 


The erasure characteristics of the PLC415 
Series devices are such that erasure begins 
to occur upon exposure to light with 
wavelengths shorter than approximately 4000 
Angstroms (A). It should be noted that 
sunlight and certain types of fluorescent 
lamps has wavelengths in the 3000 — 4000A 
range. Data shows that constant exposure to 
room level fluorescent lighting could erase a 
typical PLC415 in approximately three years, 
while it would take approximately one week 


October 22, 1993 


to cause erasure when exposed to direct 
sunlight. If the PLC415 is to be exposed to 
these types of lighting conditions for 
extended periods of time, opaque labels 
should be placed over the window to prevent 
unintentional erasure. 


The recommended erasure procedure for the 
PLC415 is exposure to shortwave ultraviolet 
light which has a wavelength of 2537 
Angstroms (A). The integrated dose (i.e., UV 
intensity x exposure time) for erasure should 
be a minimum of 15Wsec/cm2. The erasure 
time with this dosage is approximately 30 to 
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35 minutes using an ultraviolet lamp with a 
12,000.W/cm2 power rating. The device 
should be placed within one inch of the lamp 
tubes during erasure. The maximum 
integrated dose a CMOS EPLD can be 
exposed to without damage is 7258Wsec/cm? 
(1 week @ 12000uW/cm2). Exposure of 
these CMOS EPLDs to high intensity UV light 
for longer periods may cause permanent 
damage. 


The maximum number of guaranteed 
erase/write cycles is 50. Data retention 
exceeds 20 years. 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


1S/CK2 


SO SRERAIS 
OR, 


CK1/CK2 


seguecanate ERIS 
ee es 


INTERNAL 
INIT 


PDANIT/OEN16 
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(16 x 48 x 8) 


Product specification 


PLS105/A 


DESCRIPTION 

The PLS105and the PLS105A are bipolar 
Programmable Logic State machines of the 
Mealy type. They contain logic AND-OR gate 
arrays with user programmable connections 
which control the inputs of on-chip State and 
Output Registers. These consist respectively 
of 6 Qp, and 8 Qr¢ edge-triggered, clocked 
S/R flip-flops, with an Asynchronous Preset 
option. all flip-flops are unconditionally preset 
to “1” during power turn on. 


The AND array combines 16 external inputs 
lo — 1145 with six internal inputs Pp — 5, which 
are fed back from the State Registers to form 
up to 48 transition terms (AND terms). All 
transition terms can include True, False, or 
Don’t Care states of the controlling variables, 
and are merged in the OR array to issue 
next-state and next-output commands to their 
respective registers on the Low-to-High 
transition of the Clock pulse. Both True and 
Complement transition terms can be 
generated by optional use of the internal input 
variable (C) from the Complement Array. 
Also, if desired, the Preset input can be 
converted to Output Enable function, as an 
additional user-programmable option. 


Order codes are listed below in the Ordering 
Information Table. 


ORDERING INFORMATION 


28-Pin Plastic Leaded Chip Carrier 
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FEATURES 

® PLS105 
— fuax = 13.9MHz 
— 20MHz clock rate 


® PLS105A 
— fuax = 20MHz 
— 25MHz clock rate 


® Field-Programmable (Ni-Cr link) 

® 16 input variables 

® 8 output functions 

® 48 transition terms 

® 6-bit State Register 

@ 8-bit Output Register 

® Transition complement array 

® Positive edge-triggered clocked flip-flops 


@ Programmable Asynchronous Preset or 
Output Enable 


® Power-on preset to all “1” of internal 
registers 


®@ Power dissipation: 6(00mW (typ.) 
@ TTL compatible 

® Single +5V supply 

© 3-State outputs 


APPLICATIONS 


® |nterface protocols 

® Sequence detectors 

® Peripheral controllers 

®@ Timing generators 

® Sequential circuits 

® Elevator controllers 

® Security locking systems 
® Counters 


® Shift registers 


DESCRIPTION ORDER CODE DRAWING NUMBER 
28-Pin Plastic DIP (600mil-wide) PLS105N, PLS105AN 0413B 
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PIN CONFIGURATIONS 


N Package 


N = Plastic DIP (600mil-wide) 


A Package 


I5 16 17 CLK Voc l8 


A = Plastic Leaded Chip Carrier 


853-0310 11164 
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(16 x 48 x 8) PLS105/A 


FUNCTIONAL DIAGRAM 


PIN DESCRIPTION 


NAME AND FUNCTION POLARITY 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this Active-High 
line is necessary to update the contents of both registers. 


Logic Inputs: The 15 external inputs to the AND array used to program jump conditions Active-High/Low 
between machine states, as determined by a given logic sequence. 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when Active-High/Low 
exercised with standard TTL levels. When I0 is held at +10V, device outputs FO —5 reflect 

the contents of State Register bits PO —-5. The contents each Output Register remains 

unaltered. 


Logic/Diagnostic Outputs: Eight device outputs which normally reflect the contents of Active-High 
Output Register bits QO — 7, when enabled. When |0 is held at +10V, FO —5 = (PO — 5), 
and F6, 7 = Logic “1”. 


Preset or Output Enable Input: A user programmable function: 


Preset: Provides an Asynchronous Preset to logic “1” of all State and Output Register Active-High (H) 
bits. Preset overrides Clock, and when held High, clocking is inhibited and FO — 7 are High. 

Normal clocking resumes with the first full clock pulse following a High-to-Low clock 

transition, after Preset goes Low. 


e Output Enable: Provides an Output Enable function to all output buffers FO —7 from the | Active-Low (L) 
Output Register. 
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LOGIC DIAGRAM 
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NOTES: 


R gate inputs with a blown fuse float to logic “O”. 


All AND gate inputs with a blown link float to a logic “1”. 
== Programmable connection. 


1. 
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TRUTH TABLE 1: 2; 3; 4, 5, 6 
OPTION 


a 
2) 
fe) 


+ 
on 
< 


eae 


- 


NOTES: 

1. Positive Logic: 

S/R = To + 14 +To+.. : + 147 

Ta = C(10 11 12...) (PO P1. .. P5) 

Either Preset (Active—High) or Output Enable (Active—Low) are available, but not both. The desired function is a user-programmable option. 
T denotes transition from Low-to-High level. 

R =S = Highis an illegal input condition. 

*“=HorLor +10V. 

X = Don’t Care (<5.5V). 


Dap wn 


LOGIC FUNCTION VIRGIN STATE THERMAL RATINGS 


The fact i irgi i tai Il 
Typical State Tanetions | van, shim iit devo conan TEMPERATURE 


power-up procedure. 
STATE BEGISTER pele ero aes 2. All transition terms are disabled (0). Allowable thermal rise 


ambient to junction 
bn) NEXT STATE 3. All S/R flip-flop inputs are disabled (0). 


4. The device can be clocked via a Test 
Array pre-programmed with a standard 
test pattern. 

NOTE: The Test Array pattern MUST be 

HESEI ae -Q4 +0) K-B-C... deleted before incorporating a user 

program. This is accomplished 

HOLD Qo: Sp = 0 automatically by any Philips 

R2=0 Semiconductors qualified programming 
equipment. 


SET Qo: Sg = (G2 *Qy* Gp) A- BC... 
Ro =0 


ABSOLUTE MAXIMUM RATINGS! 


RATINGS 
SYMBOL PARAMETER | MAX UNIT 


| 
vec _| Supyvtegs SS SSC“~*~S*s*—‘“‘“RSSC‘“‘(SNCW 
CVn | teputvotage —SSCSC~—~SCSCSTSSSS~*dY 
a 
Tour | OuputeurensSSCSC~“—SC‘“‘“‘“‘“‘“‘“~*~stCSSSSSSC*dSC 00s 
Tarn | Operating emperaurerenge———SOSCSC~C~“‘“~*~“‘~S*~sdSCSOSC‘“‘“ 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at 
these or any other condition above those indicated in the operational and programming specification of the device is not implied. 
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mele ries CHARACTERISTICS 
Tamb $ +75°C, 4.75V < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION | MIN | TYP! | MAX | UNIT 


Input voltage 


Vin i Vcc = MAX 2.0 V 
Vit Voc = MIN 0.8 V 
Vic . Voc = MIN, lin =-12mA 0.8 {2 V 


Output voltage? 


Voc = MIN 
VoL Low® lo. = 9.6mA 0.35 V 
re High Vin =5.5V <1 25 pA 
lit Low Vin = 0.45V —10 —100 pA 
lie Low (CK input) Vin = 0.45V 50 ~250 A 


Output current 
Voc = MAX 
lo(OFF) Hi-Z state® Vout = 5.5V 
Vour = 0.45V 
Short circuit 7 Vout = OV 

en 


Capacitance® 


All typical values are at Voc = 5V, Tan = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one ata time. 

Measured with Vi, applied to OE and a logic high stored, or with Vy applied to PR. 

Measured with a programmed logic condition for which the output is at a low logic level, and V,, applied to PR/OE Output sink current is 
supplied through a resistor to Vcc. 

6. Measured with Vi4 applied to PR/OE. 

7. Duration of short circuit should not exceed 1 second. 

8. Icc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 
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ELECTRICAL CHARACTERISTICS 
= 470, Ro = 1kQ, C, = 30pF, 0°C < Tam < +75°C, 4.75V < Voc $ 5.25V 


PMT 
Pan [rve® [wax | wn [vee [wax 
TPowewish —OSCSC~—“—SC“S*SCSCSSSC“SSS 


Clock? High 
Clock Low 
Clock period 
Preset pulse 


Input 
Input 
Input 
Input (through Complement Array) 
Input (through Complement Array) 


Input (through Complement Array) 


Power-on preset 
Preset 


pt | imp EK Tint sto TT ts 


Propagation delay 


Clock Output + 
Output enable* Output — 
Output disable* Output + 
Preset Output + 
Power-on preset Output + 


Frequency of operation? 
fuaxC Without Complement Array 
fuaxC With Complement Array 
ae 
All typical values are at Vcc = 5V, Tamb = +25°C. 


To prevent spurious clocking, clock rise time (10% — 90%) < 30ns. 

3. See “Speed vs. OR Loading” diagrams. 

4. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vy = (Vo, + 0.5V) level with S; closed. 

TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 


Vv—S— 


10% 
OUTPUTS es — 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
NOTE: inputs and outputs, unless otherwise specified. 


C, and Cp are to bypass Vcc to GND. Input Pulses 
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TIMING DIAGRAMS TIMING DEFINITIONS 


SYMBOL PARAMETER 
! tckH | Width of input clock pulse. 
| tox. | Interval between clock pulses. 


Minimum guaranteed Clock 
period. 


Required delay between 
beginning of valid input and 
positive transition of clock. 


Required delay between 
beginning of valid input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through the 
AND array). 


tise 


tCKH 
ICKL 
tcp 


Required delay between Vcc 
(after power-on) and negative 
transition of Clock preceding 

first reliable clock pulse. 


Sequential Mode 


Required delay between 
negative transition of 
Asynchronous Preset and 
negative transition of Clock 
preceding first reliable clock 
pulse. 


Required delay between 
positive transition of Clock 
and end of valid input data. 


Delay between positive 
transition of clock and when 
outputs become valid (with 

PR/OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


Asynchronous Preset Delay between beginning of 
Output Enable High and 
when outputs are in the 


OFF-State. 


Delay between input Ip 
transition to Diagnostic mode 
and when the outputs reflect 
the contents of the State 

Register. 


Delay between input lo 
transition to Logic mode and 
when the outputs reflect the 
contents of the Output 

Register. 


Delay between positive 


transition of Preset and when 
outputs become valid at “1”. 


Delay between Vcc (after 
power-on) and when outputs 


become preset at “1”. 


tpRH Width of preset input pulse. 


f Minimum guaranteed 
MAX operating frequency. 


Power-On Preset 
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TIMING DIAGRAMS (Continued) 


INTERNAL __ 
STATE REG. 


Qo -Q5 mee eome> ne Guar? Gees GED cums cme cee oom 


tsap— > 


/ Wa 
CTs DK VK or 


tcKO 


Diagnostic Mode 


SPEED VS. “OR” LOADING 


The maximum frequency at which the PLS 
can be clocked while operating in 
sequential mode is given by: 


(1/fmax) = tcy = tis + teKo 


This frequency depends on the number of 

transition terms T, used. Having all 48 

terms connected in the AND array does 

not appreciably impact performance; but 

the number of terms connected to each 

OR line affects tig, due to capacitive 

loading. The effect of this loading can be 16 24 32 40 48 
seen in Figure 1, showing the variation of TERMS CONNECTED/OR 


tig; with the number of terms connected . 
per OR. Figure 1. PLS105 tis; vs. 


Terms/OR Connected 
The PLS105 AC electrical characteristics 
contain three limits for the parameters tis; 
and tiga (refer to Figure 1). The first, tig, is 
guaranteed for a device with 48 terms 
connected to any OR line. tisip is 
guaranteed for a device with 32 terms 
connected to any OR line. And tisjc¢ is 
guranteed for a device with 24 terms 
conntected to any OR line. 


The three other entries in the AC table, tis 
A, B, andC are corresponding 48, 32, and 
24 term limits when using the on—chip 
Complement Array. 


The PLS105A AC electrical characteristics 

contain two limits for the parameters tis os rs 
and tiso (refer to Figure 2). The first, tis1, is TERMS CONNECTED/OR 
guaranteed for a device with 24 terms 

connected to any OR line. tis1p is Figure 2. PLS105A tis; vs. 
guaranteed for a device with 16 terms Terms/OR Connected 
connected to any OR line. 
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The two other entries in the AC table, tigo A 
and B are corresponding 24 and 16 term 
limits when using the on-chip Complement 
Array. 


The worst case of tig for a given application 
can be determined by identifying the OR 
line with the maximum number of T, 
connections. This can be done by referring 
to the interconnect pattern in the PLS logic 
diagram, typically illustrated in Figure 3, or 
by counting the maximum number of “H” or 
“L” entries in one of the columns of the 
device Program Table. 


This number plotted on the curve in 
Figure 1 or 2 will yield the worst case tis 
and, by implication, the maximum clocking 
frequency for reliable operation. 


Note that for maximum speed all UNUSED 
transition terms should be disconnected 
from the OR array. 


TRANSITION TERMS Tp, 


(4) 


OR 
(3) 


NOT 
USED 


Figure 3. Typical OR Array 
Interconnect Pattern 
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LOGIC PROGRAMMING PRESET/OE OPTION - (P/E) 
The PLS105/A devices are fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors’ 
SNAP, Data I/O Corporation's ABEL™ and — 
Logical Devices Inc.'s CUPL™ design E=1 (PRESET 
software packages. (ALWAYS DISABLED) 


ENABLED) 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PLS105/A logic designs can also be PROGRAMMING: 

generated using the program table entry — The PLS105/A has a power-up preset feature. This feature insures that the device will power-up 
hemiat detaliod on te taming pages, Ths in a known state with all register elements (State and Output Register) at logic High (H). When 
program table entry format is supported by programming the device it is important to realize this is the initial state of the device. You must 
the Philips Semiconductors SNAP PLD provide a next state jump if you do not wish to use all Highs (H) as the present state. 


design software package. 


To implement the desired logic functions, the PROGRAMMING/SOFTWARE 
state of each logic variable from logic SUPPORT 


equations (I, B, O, P, etc.) is assigneda ; 
symbol. The symbols for TRUE, Refer to Section 9 (Development Software) 


COMPLEMENT, INACTIVE, PRESET, etc., 4nd Section 10 (Third-party Programmer/ 
are defined below. Software Support) of this data handbook for 


additional information. 


“AND” ARRAY - (I), (P) 


i,p 
IP 
ip 
Th 


STATE CODE 
Inactive)? | oo | 


“OR” ARRAY -(N), (F) 


Th 


wtp >fe be 
x DS. 


ACTION 
INACTIVE? 3 


“COMPLEMENT” ARRAY - (C) 


: 
c 
Th 
ACTION CODE 
wactive4 | oO 


NOTES: 

1. This is the initial unprogrammed state of all links. 

2. Any gate T, will be unconditionally inhibited if both the true and complement of any input (| or P) are left intact. 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T, (see 
flip-flop truth tables). 

4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T,,. 


ABEL is a trademark of Data I/O Corp. 
CUPL is a trademark of Logical Devices, Inc. 


c 
c 
Th 


[AcTION [Cove 
/—cenenare [a 


c 
c 
Th 


[propacare | * 


ACTION 
TRANSPARENT 
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PROGRAM TABLE 


PROGRAM TABLE ENTRIES 


CUSTOMER NAME 


INACTIVE 


INACTIVE 


PURCHASE ORDER # 
PHILIPS DEVICE # 
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NEXT STATE (Ns) 


REMARKS 


INPUT (lm) 


NOTES: 


The FPLS is shipped with all links initially intact. Thus, a background of “O” for all Terms, and an “H" for the P/E option, exists in the table, 


shown BLANK instead for clarity. 
2. Unused Cp, Im, and P, bits are normally programmed Don't Care (-). 
3. Unused Transition Terms can be left blank for future code modification, or programmed as (—) for maximum speed. 


4. Letters in variable fields are used as identifiers by logic type programmers. 
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TEST ARRAY 
The PLS105/A may be subjected to AC and 


DC parametric tests prior to programming iD 


via an on-chip test array. 


(In + Fn/Frn 


The array consists of test transition terms 
48 and 49, factory programmed as shown (In: Frn)/Fn (in - Fn/Fn 
below. 


(In + Fp)/ Fn 


Testing is accomplished by clocking the (ss ) 
PLS105/A and applying the proper input 
sequence to IO — 115 as shown in the test oul 
circuit timing diagram. 


State Diagram PLS Under Test 


OPTION (P/E) | H | 


OUTPUT (Fr) 


Test Array Program 


Both terms 48 and 49 must be deleted 
during user programming to avoid interfering 
with the desired logic function. This is 
accomplished automatically by any Philips 
Semiconductors’ qualified programming 
equipment. 


STATE 
REGISTER 


OPTION (P/E) LH 


NEXT STATE (Ns) OUTPUT (Fr) 


Test Array Deleted 
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DESCRIPTION 

The PLUS 105-45 is a bipolar programmable 
state machine of the Mealy type. Both the 
AND and the OR array are user- 
programmable. All 48 AND gates are 
connected to the 16 external dedicated inputs 
(10-115) and to the feedback paths of the 6 
buried State Registers (Qp9-Qps). Because 
the OR array is programmable, any one or all 
of the 48 transition terms can be connected 
to any or all of the State and Output 
Registers. 


All state transition terms can include True, 
False and Don't Care states of the controlling 
state variables. A Complement Transition 
Array supports complex IF-THEN-ELSE state 
transitions with a single product term. 


The PLUS 105-45 device features 
edge-triggered, J-K flip-flops, which provide 
the added flexibility of the toggle function 
which is indeterminate on S-R flip-flops. 
Because the J-K function is a superset of the 
S-R flip-flop function, the PLUS105-45 is 
backward compatible with all 105-type 
devices that have S-R flip-flops. 
Asynchronous Preset/Output Enable 
functions are available. 


The PLUS105-45 is pin-for-pin and software 
compatible with the Philips Semiconductors 
PLS105 and PLS105A Logic Sequencers, as 
well as other commercially available 105-type 
programmable logic devices. 


To facilitate testing of state machine designs, 
diagnostic mode features for register preset 
and buried state register observability have 
been incorporated into the PLUS105-45 
device architecture. 


Ordering codes are listed in the Ordering 
Information Table. 


ORDERING INFORMATION 


October 22, 1993 


FEATURES PIN CONFIGURATIONS 
@ 45MHz operating frequency 
— 55.6MHz clock rate N Packages 


— No OR term loading restrictions 


® Available in 300mil skinny DIP, 
600mil-wide Plastic DIP and PLCC 
packages 


® Pin and software compatible with other 


commerically available 105 logic 
sequencers 


® 16 input variables 

® 8 output functions 

© 48 transition terms 

® 6-bit State Register 

® 8-bit Output Register 

@ Transition complement array 


® Positive edge-triggered clocked J-K (or 
S-R) flip-flops 
® Security fuse 


®@ Programmable Asynchronous Preset or 


= Plastic DIP (600mil-wid 
Output Enable N = Plastic DIP (600mil-wide) 


N3 = Plastic DIP (300mil-wide) 
© Power-on preset (to all 1"s) of internal 
registers 


© Power dissipation: 800mW (typ.) 
® TTL compatible 
® Single +5V supply 


A Package 


® 3-State outputs 


Is 16 17 CLK Vccls 


APPLICATIONS 


® Interface protocols 

® Sequence detectors 

® Peripheral controllers 

®@ Timing generators 

®@ Sequential circuits 

® Elevator controllers 

® Security Locking systems 


® Counters 


, : A = Plastic Leaded Chip Carrier 
® Shift registers : 
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FUNCTIONAL DIAGRAM 


PIN DESCRIPTION 


NAME AND FUNCTION POLARITY 


CLK Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this line Active- 
is necessary to update the contents of both state and output registers. High (H) 


10 - 19, Logic Inputs: The 13 external inputs to the AND array used to program jump conditions Active-High/ 
113-115 between machine states, as determined by a given logic sequence. True and complement Low (H/L) 
signals are generated via use of “H” and “L”. 


112 Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when Active-High/ 
exercising standard TTL levels. When !12 is held at +10V, device outputs FO - F5 reflect the Low (H/L) 
contents of State Register bits Po - Ps. The contents of each Output Register remains unaltered. 


Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when Active-High/ 
exercising standard TTL levels. When |11 is held at +10V, device outputs FO - F5 become direct | Low (H/L) 
inputs for State Register bits Pp - Ps; a Low-to-High transition on the clock line loads the values 

on pins FO - F5 into the State Register bits Pp - Ps. The contents of each Output Register 

remains unaltered. 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when Active-High/ 


exercising standard TTL levels. When 110 is held at +10V, device outputs FO - F7 become Low (H/L) 
direct inputs for Output Register bits QO - Q7; a Low-to-High transition on the clock line loads 

the values on pins FO - F7 into the Output Register bits QO - Q7. The contents of each State 

Register remains unaltered. 


Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which normally Active- 
reflect the contents of Output Register bits QO - Q7, when enabled. When !12 is held at +10V, High (H) 
FO - F5 =(Po- Ps). When !11 is held at +10V, FO - F5 become inputs to State Register bits 

Po - Ps. When 110 is held at +10V, FO - F7 become inputs to Output Register bits QO - Q7. 


Preset or Output Enable Input: 
A user programmable function: 


@ Preset: Provides an asynchronous preset to logic “1” of all State and Output Register bits. 
PR overrides Clock, and when held High, clocking is inhibited and FO - F7 are High. Normal 
clocking resumes with the first full clock pulse following a High-to-Low clock transition, after the 
Preset signal goes low. See timing definitions. 


e Output Enable: Provides an output enable function to buffers FO - F7 from the Output 
Registers. 
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TRUTH TABLE 1; 2; 3; 4, 5, 6 


X 
X 
X 
X 


° 
< 


1. Positive Logic: 

J-K (or S/R) - To +1 +To at sis T47 

Tn = (Co) (10, 11, 12, ...) (Po, Py, ...Ps) 

Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired function is a user-programmable option. 
T denotes transition from Low-to-High level. 

*=HorLor+10V 

X = Don't Care (< 5.5V) 

When using the F, pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 
on the output pins are forced by the user. 


AAR WN 


VIRGIN STATE 

A factory-shipped virgin device contains all 

fusible links intact, such that: 

1. PR/OE option is set to PR. Note that even 
if the PR function is not used, all registers 
are preset to “1” by the power-up 
procedure. 


2. All transition terms are disabled (0). 


3. All J-K flip-flop inputs are disabled (0). 
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LOGIC DIAGRAM 
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e 
~ 
f+ +] 
» 
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e 
s 
s 
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pels 


oe 8 8 84g 44 8 8 8 8 Mog Ogt Ses F O46 


a7 0 Se 2S Cag 39° 


AND gate inputs with a blown link float to a logic “1”. 


OR gate inputs with a blown fuse float to logic “O”. 


#2 Programmable connection. 
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COMPLEMENT ARRAY DETAIL 


P47 P46 P45@@@@ py po 


co 


WO 


TO OR ARRAY 


THERMAL RATINGS 


The complement array is a special sequencer 
feature that is often used for detecting illegal 
states. It is also ideal for generating 
IF-THEN-ELSE logic statements with a 
minimum number of product terms. 


The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A* /B* /C) and (A + B + C) are equivalent, 
you will begin to see the value of this single 
term NOR array. 


The complement array is a single OR gate 
with inputs from the AND array. The output of 
the complement array is inverted and fedback 
to the AND array (NOR function). The output 
of the array will be LOW if any one or more of 
the AND terms connected to it are active 
(HIGH). If, however, all the connected terms 
are inactive (LOW), which is a classic 
unknown state, the output of the complement 
array will be HIGH. 


TEMPERATURE 


Maximum ambient 


Allowable thermal rise ambient to junction 


ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER 


oc _| Siprvotage 
a 


NOTE: 


| RATINGS 


ih 
2 
> 


ds Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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Consider the product terms A, B and D that 
represent defined states. They are also 
connected to the input of the complement 
array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to product term E, which could be 
used in turn to preset the state machine toa 
known state. Without the complement array, 
one would have to generate product terms for 
all unknown or illegal states. With very 
complex state machines, this approach can 
be prohibitive, both in terms of time and 
wasted resources. 


Note that use of the Complement Array adds 
an additional delay path through the device. 
Refer to the AC Electrical Characteristics for 
details. 


LOGIC FUNCTION 


Q3 Q2 Q1 QO 


000010 lege 


STATE REGISTER 


qqoo72— 


SET Qo: Jo = (2° Q1° Op) -A-B-C... 


Kg = 0 
RESET Qj: J; =0 
Ky = (Q3 °G2°Q1° Qo) -A-B-C. 


HOLD Qo: Jo =0 
Ko =0 


RESET Q3: J3 = (Q3 °G2° Qy°G)°A°B-C 
K3 = (Q3°G2°Q,°G) -A-B-C 
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DC ELECTRICAL CHARACTERISTICS 
0°C < Tamb < 75°C, 4.75V < Veg < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION | MIN | TYP? | MAX | UNIT 


Input voltage 
Vec = MAX 
Voc = MIN 
Voc = MIN, iy = —12mA 


Output voltage? 


Voc = MIN 
Vou High lon =—2mA 
VoL Low low =9.6mA 


liq High 
lit Low 


Output current 
Vec = MAX 
lo(OFF) Hi-Z state Vout = 2.7V 
Vout = 0.45V 


Short circuit?: 4 Vout = OV 


ed 


Capacitance 


Cin = 2. pF 
Court =2. pF 


NOTES: 

All typical values are at Voc = 5V, Tamb = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one ata time. 

Duration of short circuit should not exceed 1 second. 

Icc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 


Sie he 
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AC ELECTRICAL CHARACTERISTICS 
R, = 470, Ro = 1kQ, Cy = 30PF, 0°C < Tamp $ +75°C, 4.75V < Veg <5.25V 


| LIMITS 


Clock High 
Clock Low 
Clock Period 


Preset pulse 


Input 
Input (through Complement Array) 
Power-on preset 


Clock resume (after preset) 


Clock lockout (before preset) 
Hold Time 


a SS 


Diagnostic Mode 


Initialization of diagnostic mode — re il F, as inputs 50 25 ns 
Clock for diagnostic mode CK + Register input jam 50 25 ns 


Propagation Delay? 


Clock Output + 8 9 ns 
Output enable? Output — 8 9 ns 
Output disable® Output + 8 9 ns 
Preset Output + 12 15 ns 
Power-on preset Output + 0 10 ns 


Frequency of Operation 


Without 1 
Complement Array (= ; =a) Input + Output + 


With { Input 
Complement Array feo + taxa thru pili Output + 


without Complement 


Array 


Internal feedback 
tet + teKH 


Register Output + Register Input + 


with Complement Array \ tic5 thru Complement Register Input + 


Internal feedback 1 Register Output 
Array + 


Clock frequency CK + CK + 


NOTES: 

1. All typical values are at Vcc = 5V, Tanmb = +25°C. 

2. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vt = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vr = (Vo, + 0.5V) level with S; closed. 

3. All propagation delays and setup times are meausred and specified under worst case conditions. 
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TIMING DIAGRAMS 


Ve) 3 
Sequential Mode 


Asynchronous Preset 


tPRH 


tis 


Power-On Preset 
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TIMING DIAGRAMS (Continued) 


+3V 
ov 


+3V 
FO -F7 
(INPUTS) 
ov 


+3V 
ov 
ts 
Qo -a7\ & muvememacante he? 
OUTPUT LLL, lj (in) | 
CKO 


Diagnostic Mode—Output Register Input Jam 


thus tRJH 


wo) OLLLLLLLLLLLLLA LLLLLLL 


1.5V 1.5V 


a “— tCKH 


(3) Ww LK. 


Diagnostic Mode—State Register Input Jam 


10 —111, 
113-115 


CLK 


INTERNAL __ 
STATE REG. 


Q0-Q5 —— 
V, 


tcKo 


OL 


Diagnostic Mode—State Register Outputs 
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TIMING DEFINITIONS 


SYMBOL PARAMETER 


Required delay between 
positive transition of Clock and 
end of valid Input data. 


Required delay between 
beginning of valid input and 
positive transition of Clock. 


Required delay between 
beginning of valid Input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through the 
AND Array). 


Width of input clock pulse 
Interval between clock pulses. 


tcko Delay between positive 
transition of Clock and when 
Outputs become valid (with 

Low). 


Required delay between the 
negative transition of the clock 
and the negative transition of 
the Asynchronous PRESET to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 


TEST LOAD CIRCUITS 


NOTE: 
C1 and Co are to bypass Vcc to GND. 


LOGIC PROGRAMMING 
PLUS105-45 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Philips Semiconductors’ 
SLICE and SNAP design software packages. 
ABEL™, CUPL™ and PALASM@® 90 design 
software packages also support the 
PLUS105-45 architecture. 


ABEL is a trademark of Data I/O Corp. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Corp. 
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SYMBOL PARAMETER 


Delay between beginning of 
Output Enable High and when 
Outputs are in the OFF-state. 


Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 


tog 


Delay between Vcc (after 
power-on) and when Outputs 
become preset at “1”. 


Delay between positive 
transition of Preset and when 


ia Outputs become valid at “1”. 


tpRH Width of preset input pulse. 


tprs Required delay between 
negative transition of 
Asynchronous Preset and the 
first positive transition of 
Clock. 


try Required delay between 
positive transition of clock and 
the end of valid input data 
(FO—F7 as inputs), when 
jamming data into the State or 
Output registers in the 
Diagnostic Mode. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PLUS105-45 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format is 
supported by SLICE only. The SLICE design 
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SYMBOL PARAMETER 


Required delay between 
positive transition of clock and 
return of input 110, 111 OR 112 
from Diagnostic Mode (10V). 


Required delay between 
inputs 110, 111 or 112 transition 
to Diagnostic Mode (10V), and 
when the output pins become 
available as inputs. 


Delay between input (112) 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 
Register. 


Delay between input 112 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 
Register. 


Required delay between Vcc 
(after power-on) and negative 
transition of Clock preceding 
first reliable clock pulse. 


Minimum guaranteed clock 
frequency (register toggle 
frequency) 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 


package is available, free of charge, to 
qualified users. 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 
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PRESET/OE OPTION -— (P/E) 


PRIDE 
P E=1 P=0 
ai (PRESET 
(ALWAYS DISABLED) 
= ENABLED) 


PROGRAMMING THE PLUS105—45: 

The PLUS105—45 has a power-up preset feature. This feature insures that the device will 
power-up in a known state with all register elements (State and Output Register) at logic High 
(H). When programming the device it is important to realize this is the initial state of the 
device. You must provide a next state jump if you do not wish to use all Highs (H) as the 
present state. 


“AND” ARRAY - (1), (P) 


STATE CODE 
imactive’? | oo _| 


c c 
c c Cc 
Tn Tn T n 


[—aerion [cove _| [cone] ACTION 
a | | [Cemoracare | © | | [Ctanspanenr | - 


INACTIVE! 3 GENERATE 


NOTES: 

1. This is the initial unprogrammed state of all link pairs. 

2. Any gate T, will be unconditionally inhibited if both the true and complement fuses of any input (1,P) are left intact. 
3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp. 
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PLUS105 PROGRAM TABLE 


PROGRAM TABLE ENTRIES 


CUSTOMER NAME 


INACTIVE 


PURCHASE ORDER # 
PHILIPS DEVICE # 


GENERATE 


CF (XXXX) 


CUSTOMER SYMBOLIZED PART # 
TOTAL NUMBER OF PARTS 


PROGRAM TABLE 


PROPAGATE 


TRANSPARENT | 


INACTIVE 


DON’T CARE 


ee eee 
PRESENT STATE (Ps) 
5/4 

ee he 
a 
a 
=a 
a 
= 

| | 

| | 

| | 
hen h cad 

| | 
eB 

| | 
a 

| | 

| | 
ae 
Leth 


REV 
DATE 


OUTPUT (Fr) 


REMARKS 


INPUT (Im) 


ol tLTT TTT ET ET ET 


NEXT STATE (Ns) 
2 
|_| 
= 
|_| 
= 
|_| 
| | 
|_| 
| 
= 
|_| 
a 
= 
= 
|__| 
= 
= 
|_| 
| | 
b acl 
= 
| 
= 
| | 
| 
= 
| | 
z 
| | 
| | 
| | 
_ 
|_| 
= 
| | 
= 
= 
| 
| | 
ae 
| 
| | 


STTTTT TTT TTT TT TTT TTT TTT TET TEE 
TTT TTT TTT TTT ETE TT 
et TTT TTT TTT ET ET EE TTT 


SECC 


The device is shipped with all links initially intact. Thus, a background of “0” for all Terms, and an “H” for the P/E option, exists in the table, 


shown BLANK instead for clarity. 
2. Unused Cp, Im, and P, bits are normally programmed Don't Care (-). 
3. Unused Transition Terms can be left blank for future code modification, or programmed as (—) for maximum speed. 


4. Letters in variable fields are used as identifiers by logic type programmers. 


ANVN 
ATEVINVA 


NOTES: 


ce 
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DESCRIPTION 

The PLUS105-55 is a bipolar programmable 
state machine of the Mealy type. Both the 
AND and the OR array are user- 
programmable. All 48 AND gates are 
connected to the 16 external dedicated inputs 
(lO - 115) and to the feedback paths of the 6 
buried State Registers (Qp9-Qps). Because 
the OR array is programmable, any one or all 
of the 48 transition terms can be connected 
to any or all of the State and Output 
Registers. 


All state transition terms can include True, 
False and Don't Care states of the controlling 
state variables. A Complement Transition 
Array supports complex IF-THEN-ELSE state 
transitions with a single product term. 


The PLUS 105-55 device features 
edge-triggered, J-K flip-flops, which provide 
the added flexibility of the toggle function 
which is indeterminate on S-R flip-flops. 
Because the J-K function is a superset of the 
S-R flip-flop function, the PLUS 105-55 is 
backward compatible with all 105-type 
devices that have S-R flip-flops. 
Asynchronous Preset/Output Enable 
functions are available. 


The PLUS105-55 is pin-for-pin and software 
compatible with Philips Semiconductors 
PLS105 and PLS105A Logic Sequencers, as 
well as other commercially available 105-type 
programmable logic devices. 


To facilitate testing of state machine designs, 
diagnostic mode features for register preset 
and buried state register observability have 
been incorporated into the PLUS105-55 
device architecture. 


Ordering codes are listed in the Ordering 
Information Table. 


ORDERING INFORMATION 


28-pin Plastic Dual-In-Line, 600mil-wide 
28-pin Plastic Dual-In-Line, 300mil-wide 
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DESCRIPTION 


28-pin Plastic Leaded Chip Carrier, 450mil-square 


PIN CONFIGURATIONS 
N Packages 


FEATURES 


@ 55MHz operating frequency 
— 71.4MHz clock rate 
— No OR term loading restrictions 


® Available in 300mil skinny DIP, 600mil-wide 
DIP, and PLCC packages 


® Pin and software compatible with other 
commerically available 105 sequencers 


® 16 input variables 

® 8 output functions 

® 48 transition terms 

® 6-bit State Register 

® 8-bit Output Register 

® Transition complement array 


® Positive edge-triggered clocked J-K (or 
S-R) flip-flops 


® Security fuse N = Plastic DIP (600mil-wide) 


N3 = Plastic DIP (300mil-wide) 

@ Programmable Asynchronous Preset or 

© Power-on preset to (all “1"s) of internal 
registers 

© Power dissipation: 800mW (typ.) 

@ TTL compatible 

@ Single +5V supply 


@ 3-State outputs 


APPLICATIONS 


® Interface protocols 


F5 F4 GND F3 F2 F1 FO 
® Sequence detectors 


A = Plastic Leaded Chip Carrier 
® Peripheral controllers 


© Timing generators 

® Sequential circuits 

® Elevator controllers 

® Security Locking systems 
® Counters 


® Shift registers 
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FUNCTIONAL DIAGRAM 


PIN DESCRIPTION 
NAME AND FUNCTION POLARITY 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this Active- 
line is necessary to update the contents of both state and output registers. High (H) 


2-9, 26, 27 Logic Inputs: The 13 external inputs to the AND array used to program jump conditions Active-High/ 
20-22 between machine states, as determined by a given logic sequence. True and complement Low (H/L) 
signals are generated via use of “H” and “L”. 


Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when Active-High/ 
exercising standard TTL levels. When 112 is held at +10V, device outputs FO - F5 reflect the Low (H/L) 
contents of State Register bits PO - P5. The contents of each Output Register remains 

unaltered. 


Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when Active-High/ 
exercising standard TTL levels. When 111 is held at +10V, device outputs FO - F5 become Low (H/L) 
direct inputs for State Register bits PO - P5; a Low-to-High transition on the clock line loads 

the values on pins FO - F5 into the State Register bits PO - P5. The contents of each Output 

Register remains unaltered. 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when Active-High/ 
exercising standard TTL levels. When 110 is held at +10V, device outputs FO - F7 become Low (H/L) 
direct inputs for Output Register bits QO - Q7; a Low-to-High transition on the clock line loads 

the values on pins FO - F7 into the Output Register bits QO - Q7. The contents of each State 

Register remains unaltered. 


Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which Active- 
normally reflect the contents of Output Register bits QO - Q7, when enabled. When !12 is High (H) 
held at +10V, FO - F5 = (PO - P5). When 111 is held at +10V, FO - F5 become inputs to State 

Register bits PO - P5. When 110 is held at +10V, FO - F7 become inputs to Output Register 

bits QO - Q7. 


Preset or Output Enable Input: 
A user programmable function: 


e Preset: Provides an asynchronous preset to logic “1” of all State and Output Register 
bits. PR overrides Clock, and when held High, clocking is inhibited and FO - F7 are High. 
Normal clocking resumes with the first full clock pulse following a High-to-Low clock 
transition, after the Preset signal goes Low. See timing definitions. 


¢ Output Enable: Provides an output enable function to buffers FO - F7 from the Output 
Registers. 
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TRUTH TABLE? 2 3,4, 5, 6 


OPTION 


q 


Vcc 110 


porn nalt 


K 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
ks 
H 
L 
H 
X 


x); xo tC - -— KKK KR KR KR KR KM KK KK K 


x1 K KK KK 
<x|«K «KK RK x 


p]en errr 
x< x< 


1. Positive Logic: 

J-K (or S/R) = To +14 +To 4 ois Tag 

Ty = (Co) (10, 11, 12, ...) (Po, Py, ...Ps) 

Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired function is a user-programmable option. 
denotes transition from Low-to-High level. 

*=HorLor+10V 

X = Don’t Care (< 5.5V) 


When using the F, pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 
on the output pins are forced by the user. 


oo & Bh 


VIRGIN STATE 

A factory-shipped virgin device contains all 

fusible links intact, such that: 

1. PR/OE option is set to PR. Note that 
even if the PR function is not used, 
all registers are preset to "1” by the 
power-up procedure. 


2. All transition terms are disabled (0). 


3. All J-K flip-flop inputs are disabled (0). 
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x: 


terrors rents 


etter d ttt tht tet tit fp pep teppei pet 
BEBE 8 SBS 8 BES 8 BS 3 Ee 8 BR 8 SB BBS SS BB 8 SS SB BB BS 8 8 SS A SS SB SB SF GR GG as Be Ss ss Hes sss Hs it see ee See cet 
RSS SS RRS 8 BR 8 SR SS BS 8 es GB BS Seta stems Sens Cnc bene ee ene ence bcs ce St cess ee ts Rss RRs RR as Rs Ss 
Ey ee Eerie pe pnp pe iiet pe ecperbeg SBS BES RS RE BRE SO BO SON BOS 
Ht tt ed + 


eS GO 0:45: 44 ee. 2 oe © 


Se 9 8S SS 8 8 SS RE SS SS A RN RS OB 
Pecheetbetiettethcbe| pS) bechehmbataitunanmaiuniunleaiihoniibabepe babebetetebebebe pepe 


ve —_ (LOGIC TERMS - T) —— fe 


47° e*eeses * 40 39° 
| OR gate inputs with a blown fuse float to logic “O”. 


All AND gate inputs with a blown link float to a logic “1”. 
ss: Programmable connection. 


NOTES: 


Te 
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COMPLEMENT ARRAY DETAIL 


TO OR ARRAY 


THERMAL RATINGS 


TEMPERATURE 


Allowable thermal rise ambient to junction 


ABSOLUTE MAXIMUM RATINGS! 


NOTE: 


The complement array is a special sequencer 
feature that is often used for detecting illegal 
states. It is also ideal for generating 
IF-THEN-ELSE logic statements with a 
minimum number of product terms. 


The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A* /B* /C) and (A + B + C) are equivalent, 
you will begin to see the value of this single 
term NOR array. 


The complement array is a single OR gate 
with inputs from the AND array. The output of 
the complement array is inverted and fedback 
to the AND array (NOR function). The output 
of the array will be LOW if any one or more of 
the AND terms connected to it are active 
(HIGH). If, however, all the connected terms 
are inactive (LOW), which is a classic 
unknown state, the output of the complement 
array will be HIGH. 


75°C 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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Consider the product terms A, B and D that 
represent defined states. They are also 
connected to the input of the complement 
array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to product term E, which could be 
used in turn to preset the state machine to a 
known state. Without the complement array, 
one would have to generate product terms for 
all unknown or illegal states. With very 
complex state machines, this approach can 
be prohibitive, both in terms of time and 
wasted resources. 


Note that use of the Complement Array adds 
an additional delay path through the device. 
Refer to the AC Electrical Characteristics for 
details. 


LOGIC FUNCTION 


Q3 Q2 Qi QOo 


COO 


STATE REGISTER 


qoaa, ee 


SET Qo: Jo = (Q2° Q1°Up) -A-B-C... 
Ko =0 


RESET Q1: sit? 
Ky =(Q3°@2°Q;,°'G)°A°B-C... 


HOLD Qo: Jp = 0 
K2=0 


RESET Q3: J3 = (Q3 * Gp * Q,-U)-A-B-C 
K3 = (Q3°G2° Q,°G) -A-B-C 
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DC ELECTRICAL CHARACTERISTICS 
O°C < Tamb S$ 75°C, 4.75V < Voc < §.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | MIN | TYPt | MAX — UNIT 


Input voltage? 


Vec = MAX 
Voc = MIN 
Voc = MIN, lin = —-12mA 


Output voltage? 


Voc = MIN 
VoH High loy = —2mA 
VoL Low lot =9.6mA 
ly High 
lie Low 


Output current 


Voc = MAX 
lo(OFF) Hi-Z state Vout = 2.7V 
Voir = 46V 

Short circuit? 4 Vout = OV 


a 


Capacitance 
8 pF 
10 pF 


Cin Input 


Cout Output 


NOTES: 

1. All typical values are at Vcc = 5V, Tamb = +25°C. 

2. All voltage values are with respect to network ground terminal. 
3. Test one ata time. 
4 
5 


. Duration of short circuit should not exceed 1 second. 
. lec is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 
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Ne ELECTRICAL CHARACTERISTICS 
= 470Q, Ro = 1KQ, C, = 30pF, 0°C < Tamp < +75°C, 4.75V < Voc § §.25V 


| LIMITS 


Clock High 
Clock Low 
Clock Period 


Preset pulse 


Input 
Input (through Complement Array) 
Power-on preset 
Clock resume (after preset) 
Clock lockout (before preset) 
Hold Time 
Pum SC™~YSCSC“<C SSCS sd Ud 
Diagnostic Mode 


at Hee ' 110, 111 or 112 + ' 
Initialization of diagnostic mode (to 10V) F, as inputs 


Clock for diagnostic mode CK + Register input jam 
Propagation Delay? 

Clock Output + 

Output enable? Output — 

Output disable? Output + 

Preset Output + 

Power-on preset Output + 


Frequency of Operation 


Input + Output + 


Without ( 1 


Complement Array tis) + tcKo 


Complement Array thru Complement Output + 


With 1 op 
tise + tcKo Array + 


without Complement 
Array 


Internal feedback { 
Register Output + Register Input + 


tckL + tcKH 


with Complement Array | too thru Complement Register Input + 


Internal feedback 1 Register Output 
Array + 


Clock period CK + CK + 


NOTES: 

1. All typical values are at Voc = 5V, Tamb = +25°C. 

2. All propagation delays and setup times are meausred and specified under worst case conditions. 

3. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S, closed. 
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TIMING DIAGRAMS 


tOE 


Sequential Mode 


RQ 


Asynchronous Preset 


tis 


Power-On Preset 
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TIMING DIAGRAMS (Continued) 


+3V 
ov 


+3V 
FO — F7 
(INPUTS) 1.5V (FORCED Dyy) 1.5 " 


+3V 


OV 


(8) LLL 


Diagnostic Mode—Output Register Input Jam 


tRJH 


wins OLLLLLLLLLLLLLA LLLLLLL 


3) WWUWIU““aga : 


Diagnostic Mode—State Register Input Jam 


KO 


10-111, 
113 -115 


CLK 
INTERNAL 


STATE REG. 
Q0- 05 === 


tCKO 


OE = a= 


Diagnostic Mode—State Register Outputs 
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TIMING DEFINITIONS 


SYMBOL PARAMETER 


Required delay between 
positive transition of Clock and 
end of valid Input data. 


Required delay between 
beginning of valid input and 
positive transition of Clock. 


Required delay between 
beginning of valid Input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through the 
AND Array). 


tex —_| Width of input clock pulse 
token | Interval between clock pulses. 


Delay between positive 
transition of Clock and when 
Outputs become valid (with 


Required delay between the 
negative transition of the clock 
and the negative transition of 
the Asynchronous PRESET to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 


TEST LOAD CIRCUITS 


NOTE: 
C1 and Co are to bypass Vcc to GND. 


LOGIC PROGRAMMING 

PLUS 105-55 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Philips Semiconductors’ 
SNAP design software package. ABEL™, 
CUPL™ and PALASM@® 90 design software 
packages also support the PLUS105-55 
architecture. 


ABEL is a trademark of Data /O Com. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Com. 
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SYMBOL PARAMETER 


Delay between beginning of 
Output Enable High and when 
Outputs are in the OFF-state. 


Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 


Delay between Vcc (after 
power-on) and when Outputs 
become preset at “1”. 


Delay between positive 
transition of Preset and when 
Outputs become valid at “1”. 


Required delay between 
negative transition of 
Asynchronous Preset and the 
first positive transition of 
Clock. 


Required delay between 
positive transition of clock and 
the end of valid input data 

(FO — F7 as inputs), when 
jamming data into the State or 
Output registers in the 
Diagnostic Mode. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PLUS105-55 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
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SYMBOL PARAMETER 


Required delay between 
positive transition of clock and 
return of input 110, 111 or 112 
from Diagnostic Mode (10V). 


Required delay between 
inputs 110, 111 or 112 transition 
to Diagnostic Mode (10V), and 
when the output pins become 
available as inputs. 


Delay between input (112) 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 
Register. 


Delay between input 112 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 
Register. 


Required delay between Vcc 
(after power-on) and negative 
transition of Clock preceding 
first reliable clock pulse. 


Minimum guaranteed clock 
frequency (register toggle 
frequency) 


2.5ns 2.5ns 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 


pages. This program table entry format is 
supported by SNAP. 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 
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PRESET/OE OPTION - (P/E) 


PR/OE 
P P=0 
oink (PRESET 
(ALWAYS DISABLED) 
= ENABLED) 


PRESET! 


PROGRAMMING THE PLUS105-55: 

The PLUS105-55 has a power-up preset feature. This feature insures that the device will 
power-up in a known state with all register elements (State and Output Register) at logic High 
(H). When programming the device it is important to realize this is the initial state of the 
device. You must provide a next state jump if you do not wish to use all Highs (H) as the 
present state. 


“AND” ARRAY - (1), (P) 


[pont cane | 


ACTION CODE 
Inactive)? | o | GENERATE | A | PROPAGATE | ® | TRANSPARENT | - | 


NOTES: 

1. This is the initial unprogrammed state of all link pairs 

2. Any gate T, will be unconditionally inhibited if both the true and complement fuses of any input (I,P) are left intact. 
3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp. 
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PLUS105 PROGRAM TABLE 


PROGRAM TABLE ENTRIES 


or TOGGLE 
NO CHANGE 
OPTION (P/E) 


SET 


INACTIVE 
RESET 


PROPAGATE 
TRANSPARENT: 
DON'T CARE 


1P 


CF (XXXX) 


CUSTOMER SYMBOLIZED PART # 
TOTAL NUMBER OF PARTS 


PROGRAM TABLE 


CUSTOMER NAME 
PURCHASE ORDER # 
PHILIPS DEVICE # 


REV 
DATE 


7 
‘e¢ 
i} 


ml TT TTT TTT TTT TTT TT TTT TT TE TET Ee 
‘HTTTTTTTTT TTT TTT TTT TTT TT TTT ET ET Ee PT 
TUTTE TTT TTT TTT ee 
' 

TTT TTT TT TTT TTT TT TTT TET TT 


OUTPUT (Fr) 


NEXT STATE (Ns) 


REMARKS 


Coe 

Z 

Set TT TTT TTT TTT TTT TT TTT ETT TEE 
” 

ETT TTT TTT TTT TTT TT TTT EE TEE 
z ' 

ett 
Ww 

STITT TTT 

Pit ae 


INPUT (Im) 
mz 
man 
ak 
-=se 
aa 
a 
| os 
Ps 
Pt 
ie 
| 
maa 
=a 
eae 
aa 
=a 
me 
=i 
=i 
mm 
nas 
mas 
alin 
=a 
| a | 
aa 
pt 
= 
Ce 
mm 
ma 
aa 
re 
a 
Flic 
am 
ps 
* 
baad 
oa 
mae 
lies! 
—_as 
l nlcned 
rf | 
ss 
rt | 
ale 


NOTES: 


The device is shipped with all links initially intact. Thus, a background of “0” for all Terms, and an “H” for the P/E option, exists in the table, 


shown BLANK instead for clarity. 
2. Unused Cp, Im, and Pg bits are normally programmed Don't Care (-). 


i. 


3. Unused Transition Terms can be left blank for future code modification, or programmed as (—) for maximum speed. 


4. Letters in variable fields are used as identifiers by logic type programmers. 
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DESCRIPTION 

The PLUS 105-70 is a bipolar programmable 
state machine of the Mealy type. Both the 
AND and the OR array are user- 
programmable. All 48 AND gates are 
connected to the 16 external dedicated inputs 
(10 - 115) and to the feedback paths of the 6 
buried State Registers (Qp9-Qps). Because 
the OR array is programmable, any one or all 
of the 48 transition terms can be connected 
to any or all of the State and Output 
Registers. 


All state transition terms can include True, 
False and Don't Care states of the controlling 
state variables. A Complement Transition 
Array supports complex IF-THEN-ELSE state 
transitions with a single product term. 


The PLUS105-70 device features 
edge-triggered, J-K flip-flops, which provide 
the added flexibility of the toggle function 
which is indeterminate on S-R flip-flops. 
Because the J-K function is a superset of the 
S-R flip-flop function, the PLUS105-70 is 
backward compatible with all 105-type 
devices that have S-R flip-flops. 
Asynchronous Preset/Output Enable 
functions are available. 


The PLUS105-70 is pin-for-pin and software 
compatible with Philips Semiconductors 
PLS105 and PLS105A Logic Sequencers, as 
well as other commercially available 105-type 
programmable logic devices. 


To facilitate testing of state machine designs, 
diagnostic mode features for register preset 
and buried state register observability have 
been incorporated into the PLUS105-70 
device architecture. 


Ordering codes are listed in the Ordering 
Information Table. 


ORDERING INFORMATION 
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FEATURES PIN CONFIGURATIONS 
@ 70MHz operating frequency N Packages 
— 100MHz clock rate 


— No OR term loading restrictions 


® Available in 300mil skinny DIP, 600mil-wide 
DIP, and PLCC packages 


® Pin and software compatible with other 
commerically available 105 sequencers 


® 16 input variables 

® 8 output functions 

® 48 transition terms 

® 6-bit State Register 

® 8-bit Output Register 

® Transition complement array 


® Positive edge-triggered clocked J-K (or 
S-R) flip-flops 


® Security fuse N = Plastic DIP (600mil-wide) 


N3 = Plastic DIP (300mil-wide) 

® Programmable Asynchronous Preset or 
Output Enable A Package 

© Power-on preset to (all “1"s) of internal 
registers 

® Power dissipation: 800mW (typ.) 

® TTL compatible 

®@ Single +5V supply 


®@ 3-State outputs 


APPLICATIONS 


® |nterface protocols 


F5 F4 GND F3 F2 F1 FO 
®@ Sequence detectors 


A = Plastic Leaded Chip Carrier 


® Peripheral controllers 

® Timing generators 

® Sequential circuits 

® Elevator controllers 

® Security Locking systems 
® Counters 


® Shift registers 
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FUNCTIONAL DIAGRAM 


PIN DESCRIPTION 


| PINNO. | SYMBOL NAME AND FUNCTION POLARITY 


CLK Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this Active- 
line is necessary to update the contents of both state and output registers. High (H) 


2-9, 26, 27 10 - 19, Logic Inputs: The 13 external inputs to the AND array used to program jump conditions Active-High/ 
20-22 113-115 between machine states, as determined by a given logic sequence. True and complement Low (H/L) 
signals are generated via use of “H” and “L”. 


23 112 Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when Active-High/ 
exercising standard TTL levels. When I12 is held at +10V, device outputs FO - F5 reflect the Low (H/L) 
contents of State Register bits PO - P5. The contents of each Output Register remains 
unaltered. 


Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when Active-High/ 
exercising standard TTL levels. When 111 is held at +10V, device outputs FO - F5 become Low (H/L) 
direct inputs for State Register bits PO - P5; a Low-to-High transition on the clock line loads 

the values on pins FO - F5 into the State Register bits PO - P5. The contents of each Output 

Register remains unaltered. 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when Active-High/ 
exercising standard TTL levels. When 110 is held at +10V, device outputs FO - F7 become Low (H/L) 
direct inputs for Output Register bits QO - Q7; a Low-to-High transition on the clock line loads 

the values on pins FO - F7 into the Output Register bits QO - Q7. The contents of each State 

Register remains unaltered. 


Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which Active- 
normally reflect the contents of Output Register bits QO - Q7, when enabled. When 112 is High (H) 
held at +10V, FO - F5 = (PO - PS). When 111 is held at +10V, FO - F5 become inputs to State 

Register bits PO - P5. When 110 is held at +10V, FO - F7 become inputs to Output Register 

bits QO - Q7. 


Preset or Output Enable Input: 
A user programmable function: 


e Preset: Provides an asynchronous preset to logic “1” of all State and Output Register Active- 
bits. PR overrides Clock, and when held High, clocking is inhibited and FO - F7 are High. High (H) 
Normal clocking resumes with the first full clock pulse following a High-to-Low clock 
transition, after the Preset signal goes Low. See timing definitions. 


e Output Enable: Provides an output enable function to buffers FO - F7 from the Output Active- 
Registers. Low (L) 
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TRUTH TABLE: 2, 3, 4,5, 6 


X 
X 
X 
X 


S 
< 


1. Positive Logic: 

J-K (or S/R) = To +74 +To # ies Tag 

Tn = (Co) (10, 11, 12, ...) (Po, Py, ...P5) 

Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired function is a user-programmable option. 
T denotes transition from Low-to-High level. 

*=HorLor+10V 

X = Don't Care (< 5.5V) 

When using the F, pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 
on the output pins are forced by the user. 


An wWP 


VIRGIN STATE 

A factory-shipped virgin device contains all 

fusible links intact, such that: 

1. PR/OE option is set to PR. Note that 
even if the PR function is not used, 
all registers are preset to “1” by the 
power-up procedure. 


2. All transition terms are disabled (0). 


3. All J-K flip-flop inputs are disabled (0). 
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LOGIC DIAGRAM 


ee eng ype tee eee pee ee eS iO 


oe? S094 93° °° 


ee ee "39 31° * 


All AND gate inputs with a blown link float to a logic “1”. 


NOTES: 


Ds 


OR gate inputs with a blown fuse float to logic “O”. 


zs: Programmable connection. 
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COMPLEMENT ARRAY DETAIL 


TO OR ARRAY 


THERMAL RATINGS 


TEMPERATURE 


Maximum junction 


Maximum ambient 


Allowable thermal rise ambient to junction 


ABSOLUTE MAXIMUM RATINGS! 


NOTE: 


The complement array is a special sequencer 
feature that is often used for detecting illegal 
states. It is also ideal for generating 
IF-THEN-ELSE logic statements with a 
minimum number of product terms. 


The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A* /B*/C) and (A +B +C) are equivalent, 
you will begin to see the value of this single 
term NOR array. 


The complement array is a single OR gate 
with inputs from the AND array. The output of 
the complement array is inverted and fedback 
to the AND array (NOR function). The output 
of the array will be LOW if any one or more of 
the AND terms connected to it are active 
(HIGH). If, however, all the connected terms 
are inactive (LOW), which is a classic 
unknown state, the output of the complement 
array will be HIGH. 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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Consider the product terms A, B and D that 
represent defined states. They are also 
connected to the input of the complement 
array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to product term E, which could be 
used in turn to preset the state machine to a 
known state. Without the complement array, 
one would have to generate product terms for 
all unknown or illegal states. With very 
complex state machines, this approach can 
be prohibitive, both in terms of time and 
wasted resources. 


Note that use of the Complement Array adds 
an additional delay path through the device. 
Refer to the AC Electrical Characteristics for 
details. 


LOGIC FUNCTION 


Q3 Q2 Qi QO 


EE oe PRESENT STATE 


STATE REGISTER 


Pati Gauci 


SET Qo: dg = (Q2* Q1° G9) °A°B'C... 
Kg =0 
RESET Q4:J,=0 
Ky = (Q3 °G@2° Q1° Qo) -A- BC. 
HOLD Qo: Jo = 0 
Ko =0 
RESET Q3: J3 = (Q3 °Q2°* Qy°Gp)°A-B-C 
K3 = (Q3 ‘2° Q,°Q9) -A-B-C 
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DC ELECTRICAL CHARACTERISTICS 
0°C < Tam < 75°C, 4.75V < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | MIN | TYP? | MAX | UNIT 


Input voltage? 


Voc = MAX 
Vcc = MIN 
Voc = MIN, lin =-12mA 


Voc = MIN 


lou =-—2mA 
lot =9.6mA 


Voc = MAX 
Vin = Voc 
Vin = 0.45V 


Output current 


Voc = MAX 
Voor 2.7 
Vout = 0.45V 
Vout = OV 


ee 


8 pF 
10 pF 


Hi-Z state 


Short circuit? 4 


Voc supply current® 


Capacitance 


Cin Input 


Court Output 
NOTES: 
1. All typical values are at Voc = 5V, Tamb = +25°C. 
2. All voltage values are with respect to network ground terminal. 
3. Test one ata time. 
4. Duration of short circuit should not exceed 1 second. 
5. Icc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 
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AC ELECTRICAL CHARACTERISTICS 
R, = 470, Ro = 1KQ, C, = 30pF, 0°C < Tam $ +75°C, 4.75V < Veg $ 5.25V 


p LUIMITS 
fomece| ramen | now | vee a 


Clock High 
Clock Low 
Clock Period 


Preset pulse 


Input 

Input (through Complement Array) 
Power-on preset 

Clock resume (after preset) 


Clock lockout (before preset) 


Hold Time 


Pu Len SCSC~dYSCiSd ee 


Diagnostic Mode 


Initialization of diagnostic mode ie: i a ’ F, as inputs 
Clock for diagnostic mode CK + Register input jam 


Propagation Delay? 


Clock Output + 
Output enable? Output — 6.5 
Output disable? Output + 6.5 
Preset Output + 
Power-on preset Output + 


Frequency of Operation 
Input + Output + 


Without 1 
Complement Array tis1 + tcxo 


Complement Array thru Complement Output + 


With 1 Input 
tise + tcxo Array + 


without Complement 
Array 


Internal feedback 1 
Register Output + Register Input + 


tcKL + tcKH 
Internal feedback ( 1 Register Output 


with Complement Array i thru ye al Register Input + 


Clock period CK + CK + 


NOTES: 

1. All typical values are at Voc = 5V, Tamb = +25°C. 

2. All propagation delays and setup times are meausred and specified under worst case conditions. 

3. For 3-State output; output enable times are tested with C_ = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S, open, and Low-to-High impedance tests are made to the Vy = (Vo, + 0.5V) level with S, closed. 
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TIMING DIAGRAMS 


+3V 
OV 
4H us 
+3V 
CLK 1.5V 1.5V ] 1.5V 
OV 
tCKH tCKL 
tCKP 
GN? LES GRE eR GOW eter VOH 
FO - F7 1.5V } 1.5V 
tCKO VOL 
MAX 
+3V 
OE 1.5V 1.5V 
om na 
toE 


Sequential Mode 


10-115 1.5V 
— om OV 
+3V 
CLK 1.5V 
us cKO 
FO - F7 1.5V 
q ~ +3V 
PR 1.5V \ 1.5V 
NS OV 


'PRH 


Asynchronous Preset 


+5V 


ov 
VOH 
VOL 
+3V 


OV 


to -115 


tis 


Power-On Preset 
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TIMING DIAGRAMS (Continued) 


Ss 


aNPUTS) LL///IIIHH//70#; 


tis 
Qo -a7\ amon =a VOH 
( Sires) LLL pp (Dyn) 
REG. mere sO 
tcKo 


Diagnostic Mode—Output Register Input Jam 


tRUS tRJH 


wi) OLLLLLLLLLLLLLD LLLLLLL 


tRH 
1.5V 


(33) WLLL 


Diagnostic Mode—State Register Input Jam 


KO 


10 -111, 
113 -115 


CLK 


INTERNAL __ 
STATE REG. 


Q0-Q5 —— 


‘CKO 


OE = a= 


Diagnostic Mode—State Register Outputs 
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TIMING DEFINITIONS 


SYMBOL PARAMETER 


Required delay between 
positive transition of Clock and 
end of valid Input data. 


SYMBOL PARAMETER SYMBOL PARAMETER 


Delay between beginning of Required delay between 

Output Enable High and when positive transition of clock and 

Outputs are in the OFF-state. return of input 110, 111 or 112 
from Diagnostic Mode (10V). 


tog Delay between beginning of 
Output Enable Low and when Required delay between _ 
to Diagnostic Mode (10V), and 


Required delay between 
beginning of valid input and 
positive transition of Clock. 


Required delay between 
beginning of valid Input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through the 
AND Array). 


few | Width of input clock pulse 
Ftc Interval between clock pulses. 


Delay between positive 
transition of Clock and when 
Outputs ae valid (with 


Delay between Vcc (after when the output pins become 
power-on) and when Outputs available as inputs. 


become preset at “1”. Delay between input (112) 

— transition to Logic mode and 
Delay between positive when the Outputs reflect the 
transition of Preset and when contents of the Output 
Outputs become valid at “1”. Register. 


Width of preset input pulse. Delay between input 112 
transition to Diagnostic Mode 


Required delay between and when the Outputs reflect 
negative transition of the contents of the State 
Asynchronous Preset and the Register. 


ae a transition of Required delay between Vox 
(after power-on) and negative 
Required delay between transition of Clock preceding 
positive transition of clock and first reliable clock pulse. 
the end of valid input data " 
(FO — F7 as inputs), when 
jamming data into the State or 
Output registers in the 
Diagnostic Mode. 


Required delay between the 
negative transition of the clock 
and the negative transition of 
the Asynchronous PRESET to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 


Minimum guaranteed clock 
frequency (register toggle 
frequency) 


TEST LOAD CIRCUITS 


2.5ns 2.5ns 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


NOTE: 


C1 and C2 are to bypass Vcc to GND. Input Pulses 


LOGIC PROGRAMMING 


PLUS105-70 is fully supported by industry All packages allow Boolean and state pages. This program table entry format is 
standard (JEDEC compatible) PLD CAD equation entry formats. SNAP, ABEL and supported by SNAP. 
tools, including Philips Semiconductors’ CUPL also accept, as input, schematic = lonienGards cached ines trtone te 
SNAP design software package. ABEL™, capture format. ON ent : g aaa 
CUPL™ and PALASM® 90 design software pian eile Bie Nalear set (PAE 
PLUS105-70 logic designs can also be equations (I, B, O, P, etc.) is assigned a 

packages also support the PLUS105-70 ; 
architecture generated using the program table entry symbol. The symbols for TRUE, 

, format, which is detailed on the following COMPLEMENT, INACTIVE, PRESET, etc., 


are defined below. 


ABEL is a trademark of Data I/O Corp. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Corp. 
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PRESET/OE OPTION - (P/E) 


PR/OE 
Pp P=0 
E=1 
(PRESET 
(ALWAYS DISABLED) 
= ENABLED) 


as 
preset! | OH 
PROGRAMMING THE PLUS105-70: 
The PLUS105-70 has a power-up preset feature. This feature insures that the device will 
power-up in a known state with all register elements (State and Output Register) at logic High 
(H). When programming the device it is important to realize this is the initial state of the 


device. You must provide a next state jump if you do not wish to use all Highs (H) as the 
present state. 


“AND” ARRAY - (1), (P) 


poly 
Th 


[stare [_ cone] 
[powr cane | - 


Th 


[nation] “600 
INACTIVE? 3 GENERATE | A | PROPAGATE | ® | TRANSPARENT | - | 


NOTES: 

1. This is the initial unprogrammed state of all link pairs 

2. Any gate T, will be unconditionally inhibited if both the true and complement fuses of any input (1,P) are left intact. 
3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp. 
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PLUS105 PROGRAM TABLE 


PROGRAM TABLE ENTRIES 


CUSTOMER NAME 


INACTIVE 
or TOGGLE 


PURCHASE ORDER # 
PHILIPS DEVICE # 


CF (XXXX) 


CUSTOMER SYMBOLIZED PART # 
TOTAL NUMBER OF PARTS 


PROGRAM TABLE 


: 
< 
: 


TRANSPARENT: 


TTT TTT TTT EEE TE 
w 
a ‘= 
STEP EEEEE EEE EEE EEE EE EEC 


, 
‘¢ 
! 


sl TTTTTT TTT TTT TTT TT TTT ET TE 
i PEMA RRALRAAORER ARERR RARE REEL SERRA RAAT URE REE 
i) 

TTT TTT TTT 
1 

EEE R EAR A RRA RTCA RRC AR RENAE 
TTTTTT TTT TTT TTT TT TTT TT TTT 


SHIT TT TTT TTT TT TTT TTT TT 
' 

ce ERED TRAM A REA OMA AOR RE MARR RARE RAAK ERR RAR ERE 
TTT TTT TT TTT TT ETT TEE TT 


OPTION (P/E 
OUTPUT (Fr) 


NEXT STATE (Ns) 
2 
me 
= 
| 
= 
| 
= 
= 
| 
= 
Mm 
= 
| 
lal 
= 
= 
om 
= 
= 
ad 
= 
= 
| 
| 
— 
- 
= 
|__| 
| 
ed 
id 
I= | 
am 
ie 
| 
mm 
| 
= 
ad 
= 
= 
= 
= 
= 
| 
= 
= 
= 
ia 


REMARKS 


DON’T CARE 


INPUT (Im) 


- 
= 
N 
- 
i= 
v 
Sd 
= 


PRESENT STATE (Pg) 
4|'3 
| | 
a Re 
ia 
| tT 
| | 
ee 
| | 
=m 
ae 
=i 
a a 
a 
=a 
| 
= 
=i 
| | 
<M 
= 
(ae ee 
= 
me eee 
| | 
= i 
Il sae 
Rael 
blll 
=a 
i 
Icha 
mm 
a 
i oe 
he 
ae 
(ae see 
ies ee 
a 
| || 

a 


AIWVN 
ATEVINVA 


NOTES: 


The device is shipped with all links initially intact. Thus, a background of “0” for all Terms, and an “H” for the P/E option, exists in the table, 


shown BLANK instead for clarity. 
2. Unused Cp, Im, and P, bits are normally programmed Don't Care (-). 


1. 


3. Unused Transition Terms can be left blank for future code modification, or programmed as (—) for maximum speed. 


4. Letters in variable fields are used as identifiers by logic type programmers. 
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DESCRIPTION 

The PLUS405 devices are bipolar, 
programmable state machines of the Mealy 
type. Both the AND and the OR array are 
user-programmable. All 64 AND gates are 
connected to the 16 external dedicated inputs 
(lO - 115) and to the feedback paths of the 8 
on-chip State Registers (Qpp - Qp7). Two 
complement arrays support complex 
IF-THEN-ELSE state transitions with a single 
product term (input variables CO, C1). 


All state transition terms can include True, 
False and Don't Care states of the controlling 
state variables. All AND gates are merged 
into the programmable OR array to issue the 
next-state and next-output commands to their 
respective registers. Because the OR array is 
programmable, any one or all of the 64 
transition terms can be connected to any or 
all of the State and Output Registers. 


All state (Qp9 - Qp7) and output (Qo - Q¢7) 
registers are edge-triggered, clocked J-K 
flip-flops, with Asynchronous Preset and 
Reset options. The PLUS405 architecture 
provides the added flexibility of the J-K toggle 
function which is indeterminate on S-R 
flip-flops. Each register may be individually 
programmed such that a specific 
Preset-Reset pattern is initialized when the 
initialization pin is raised to a logic level “1”. 
This feature allows the state machine to be 
asynchronously initialized to known internal 
state and output conditions, prior to 
proceeding through a sequence of state 
transitions. Upon power-up, all registers are 
unconditionally preset to “1”. If desired, the 
initialization input pin (INIT) can be converted 
to an Output Enable (OE) function as an 
additional user-programmable feature. 


Availability of two user-programmable clocks 
allows the user to design two independently 
clocked state machine functions consisting of 
four state and four output bits each. 


Order codes are listed in the Ordering 
Information Table. 


ORDERING INFORMATION 


DESCRIPTION 


28-Pin Plastic DIP (600mil-wide) 
28-Pin Plastic DIP (600mil-wide) 
28-Pin Plastic Leaded Chip Carrier 
28-Pin Plastic Leaded Chip Carrier 


FEATURES 
® PLUS405-37 
= fax = 37MHz 
— 50MHz clock rate 


@ PLUS405-45 
— fuax = 45MHz 
— 58.8MHz clock rate 


® Functional superset of PLS 105/105A 
@ Field-programmable (Ti-W fusible link) 
® 16 input variables 

® 8 output functions 

® 64 transition terms 

® 8-bit State Register 

® 8-bit Output Register 

® 2 transition Complement Arrays 

® Multiple clocks* 


®@ Programmable Asynchronous Initialization 
or Output Enable 


© Power-on preset of all registers to “1” 


@ “On-chip” diagnostic test mode features for 
access to state and output registers 


® 950mW power dissipation (typ.) 
© TTL compatible 

@ J-K or S-R flip-flop functions 

® Automatic “Hold” states 

® 3-State outputs 


APPLICATIONS 

® Interface protocols 

® Sequence detectors 

@ Peripheral controllers 

@ Timing generators 

® Sequential circuits 

@ Elevator contollers 

® Security locking systems 
® Counters 

® Shift registers 


“Refer to AC Specifications for clock and operating frequencies when using multiple clocks. 
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PIN CONFIGURATIONS 


N = Plastic DIP (600mil-wide) 


A Package 


ISCLK 16 17 CLKVcc is 19 


A = Plastic Leaded Chip Carrier 
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PIN DESCRIPTION 


ce SYMBOL NAME AND FUNCTION POLARITY 


23 


24 


25 


10-13 


15-18 


19 


lO+14, 17, 16 
lg—-I9 
113-115 


CLK2 


INIT/OE 
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Active-High (H) 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this 
line is necessary to update the contents of both state and output registers. Pin 1 only 
clocks PO—3 and FO-3 if Pin 4 is also being used as a clock. 


Logic Inputs: The 12 external inputs to the AND array used to program jump conditions 
between machine states, as determined by a given logic sequence. True and complement 
signals are generated via use of “H” and “L”. 


Active-High/Low 
(H/L) 


Logic Input/Clock: A user programmable function: 


Active-High/Low 
(H/L) 


Active-High (H) 


© Logic Input: A 13th external logic input to the AND array, as above. 


@ Clock: A 2nd clock for the State Registers P4—7 and Output Registers F4—7, as above. 
Note that input buffer Il; must be deleted from the AND array (i.e., all fuse locations “Don’t 
Care”) when using Pin 4 as a Clock. 


Active-High/Low 
(H/L) 


Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when 
exercising standard TTL or CMOS levels. When 112 is held at +10V, device outputs FO-F7 
reflect the contents of State Register bits PO-P7. The contents of each Output Register 
remains unaltered. 


Active-High/Low 
(H/L) 


Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when 
exercising standard TTL levels. When 11 is held at +10V, device outputs FO-F7 become 
direct inputs for State Register bits PO-P7; a Low-to-High transition on the appropriate 
clock line loads the values on pins FO-F7 into the State Register bits PO-P7. The contents 
of each Output Register remains unaltered. 


Active-High/Low 
(H/L) 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when 
exercising standard TTL levels. When I; is held at +10V, device outputs FO-F7 become 
direct inputs for Output Register bits QO-Q7; a Low-to-High transition on the appropriate 
clock line loads the values on pins FO-F7 into the Output Register bits QO0-Q7. The 
contents of each State Register remains unaltered. 


Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which Active-High (H) 
normally reflect the contents of Output Register Bits QQ-Q7, when enabled. When 112 is 

held at +10V, FO-F7 = (PO—P7). When 111 is held at +10V, FO-F7 become inputs to State 
Register bits PO-P7. When 110 is held at +10V, FO-F7 become inputs to Output Register 


bits QO-Q7. 
Initialization or Output Enable Input: A user programmable function: 


¢ Initialization: Provides an asynchronous preset to logic “1” or reset to logic “0” of all Active-High (H) 
State and Output Register bits, determined individually for each register bit through user 
programming. INIT overrides Clock, and when held High, clocking is inhibited and FO-F7 
and PO-P7 are in their initialization state. Normal clocking resumes with the first full clock 
pulse following a High-to-Low clock transition, after INIT goes Low. See timing definition for 


tnvck and tvcx. 


¢ Output Enable: Provides an output enable function to buffers FO-F7 from the Output Active-Low (L) 


Registers. 
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TRUTH TABLE 1: 2; 3; 4, 5, 6, 7 


OPTION 


Vou INIT 


ox Kx 


< 


+ 
ou 
< 


E 


NOTES: 
1. Positive Logic: 
S/R (or J/K) = To + Ty + To +... Te 
Ty = (CO, C1) (10, 11, 12,...) (PO, P1, ... P7) 
2. Either Initialization (Active-High) or Output Enable (Active-Low) are available, but not both. The desired function is a user-programmable 
option. 
T denotes transition from Low-to-High level. 
*=HorLor+10V 
X = Don't Care (<5.5V) 
H/L implies that either a High or a Low can occur, depending upon user-programmed selection (each State and Output Register individually 
programmable). 
When using the F, pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 
on the output pins are forced by the user. 


On 


= 


VIRGIN STATE LOGIC FUNCTION 
A factory-shipped virgin device contains all 
fusible links intact, such that: Q3_ Q2 Qi QO 
1. INIT/OE is set to INIT. In order to use the (sn ) PRESENT STATE 
INIT function, the user must select either aD aE ES 
the PRESET or the RESET option for STATE REGISTER A-B-C-... 
each flip-flop. Note that regardless of the 
user-programmed initialization, or even if Fo foo} | & meet SXSTE 
the INIT function is not used, all registers 
are preset to “1” by the power-up SET Qo: Jo = (G2°Q,°G)-A-B-C... 
procedure. Kp =0 
iti ‘nacti RESET Q,: J, =0 
2. All transition terms are inactive (0). 1 K! = (Qq-Up- Gy") K-B-C... 
3. All S/R (or J/K) flip-flop inputs are 
disabled (0). HOLD Qo: J2 = 0 


Ko =0 


4. The device can be clocked via a Test 
Array preprogrammed with a standard test 
pattern. 


RESET Q3:J3 = (Q3 °° Qy°U)'A-B: 
Kg = (Q3 *Q2*Qy°o)° AB: 


5. Clock 2 is inactive. 
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FUNCTIONAL DIAGRAM 


| 


a 


i 


VV 
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DETAIL A 
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411 
> 
GRE: SSSR ED St RRS HESS SR ARR SHS GS SS SE FES aN SE HS RS GG 
Sas SES SERED SE SBEES SR SE SERRE SR RS SR Se GE FE RR SE HS SG SC ---4 


a ' 
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8s: Denotes a programmable fuse location. 


NOTE: 


LOGIC DIAGRAM 


403 


October 22, 1993 


Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic sequencers 


(16 x 64 x 8) 


PLUS405-37/-45 


DETAILS FOR REGISTERS FOR PLUS405 


The Complement Array is a special 
sequencer feature that is often used for 
detecting illegal states. It is also ideal for 
generating IF-THEN-ELSE logic statements 
with a minimum number of product terms. 


The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A «/B * /C) and (A + B + C) are equivalent, 
you will begin to see the value of this single 
term NOR array. 


The Complement Array is a single OR gate 
with inputs from the AND array. The output of 
the Complement Array is inverted and fed 
back to the AND array (NOR). The output of 
the array will be Low if any one or more of the 
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1 
FROM PIN 4 
(I5/CLK) 


P62 eee P2 


TO OR ARRAY 


AND terms connected to it are active (High). 
If, however, all the connected terms are 
inactive (Low), which is a classic unknown 
state, the output of the Complement Array will 
be High. 


Consider the Product Terms A, B and D that 
represent defined states. They are also 
connected to the input of the Complement 
Array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to Product Term E, which could be 
used in turn to reset the state machine to a 
known state. Without the Complement Array, 
one would have to generate product terms for 


404 


STATE REGISTERS 


PIN 1 CLK 


Detail D 


all unknown or illegal states. With very 
complex state machines, this approach can 
be prohibitive, both in terms of time and 
wasted resources. 


Note that the PLUS405 has 2 Complement 
Arrays which allow the user to design 2 
independent Complement functions. This is 
particularly useful if 2 independent state 
machines have been implemented on one 
device. 


Note that use of the Complement Array adds 
an additional delay path through the device. 
Please refer to the AC Electrical 
Characteristics for details. 
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ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS 


SYMBOL PARAMETER RATINGS UNIT TEMPERATURE 

Supply voltage Voc 
lin 
Tambo 


Allowable thermal rise fo°G 
ambient to junction 


in | mputewrens ism 
[Tow | Operating ompeatrorange [ows _—*if 0 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 


DC ELECTRICAL CHARACTERISTICS 
O°C < Tamp S$ +75°C, 4.75V < Voc $ 5.25V 


jowmecrn | reteownoe [aw an 


Input voltage? 


a 
nO 
a 
Cee 


Ptow dee AK Vos 

Output current 

a ok 
Le 
— 


SYMBOL 


Vin 
Vit 
Vic 


VoH 
VoL 
ly 
Nie 


loc Voc supply current? Voc = MAX 


alah 


SO a oe 
| Output Tec 5.0VVour=2ov ft 


ne) 


ne) 
aps 


1. All typical values are at Voc = 5V. Tamb = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one ata time. 

4. Duration of short-circuit should not exceed one second. 

5. Icoc is measured with the INIT/OE input grounded, all other inputs at 4.5V and the outputs open. 
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ci ELECTRICAL CHARACTERISTICS 
= 470, Rp = 1kQ, Cy = 30pF, 0°C < Tamb < +75°C, 4.75V < Voc < 5.25V 


<A 
SYMBOL PARAMETER | PLUS405-37— PLUS405-45 UNIT 


rae ae pee 
a 
Pint [wre [is [vo | 


tcKL2 Clock Low; CLK2 (Pin 4) 
tcKP2 CLK2 Period 
tiINITH Initialization pulse INIT— INIT+ 


[oe SCs ee [| wm Pw] le] 
ia ut 

a 
era resume © 
ee lockout 


pts fimo oe | mote Po | s | fo | eT | os 

Propagation delay 

cor _[ownean Paws owe [Te Te [Ts To To 

wx [oraaemn «| oe owas | |e fs | | 

[ouster ee 

foupurowabe «dt =e fom | | fs | | 
pf ts | eo] 
pf oe fof 


tiniT Initialization INIT+ 


Notes on following page 
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ELECTRICAL CHARACTERISTICS (Continued) 
= 470Q, Ro = 1kQ, Cy = 30pF, 0°C < Tam $ +75°C, 4.75V < Voc < 5.25V 


PMS 
ran [ryt | wax | win | rve* | wax 


Frequency of operation 


CLK1; without Complement Array 
fMaxt 1 Input + Output+ | 37.0 45.5 | 55.6 MHz 
tist + tcko1 


CLK2; without Complement Array 
oe 
tis1 + tcko2 


Input + Output + 33.0 | 41.7 ; MHz 


CLK1; with Complement Array 


Input thru 
1 Complement | Output+t | 27.0 | 33.3 31.3 | 38.5 MHz 


tiso + tcxor Array + 


CLK2; with Complement Array 


Input thru 
1 Complement | Output+ | 25.0 | 31.3 29.4 | 35.7 MHz 


tise + tcKo2 Array + 


Internal feedback without 
Complement Array (CLK1 or CLK2) 


1 
(~ + =] 


Internal feedback with ; 

Complement Array (CLK1 or CLK2) Register ; 
Output thru Register 

1 Complement | _Intput + 


tise Array + 


Register 
Output + 


Register 
Intput + 


‘ere 
. All typical values are at Vcc = 5V, Tamb = +25°C. 

: For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vt = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vr = (Vo, + 0.5V) level with S; closed. 

3. All propagation delays and setup times are measured and specified under worst case conditions. 


TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 


MEASUREMENTS: 
| NOTE: All circuit delays are measured at the +1.5V level of 
; inputs and outputs, unless otherwise specified. 


C1 and Co are to bypass Vcc to GND. Input Pulses 
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TIMING DIAGRAMS 


toe 


Sequential Mode 


Asynchronous Initialization 


Power-On Preset 
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TIMING DIAGRAMS (Continued) 


10 -111, 
113-115 


_'s 


“INTERNAL 
0-Q7 staTEREG. (Ps) 


Diagnostic Mode — State Register Outputs 


1.5V 
tCKH 


($8) WLLL 


‘CKO 


Diagnostic Mode — State Register Input Jam 


(se) WLLL: ow, 


tcKO 


Diagnostic Mode — Output Register Input Jam 
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TIMING DEFINITIONS 


SYMBOL PARAMETER 
Width of input clock pulse. 


tcxp1,2 | Minimum guaranteed clock 
period. 


Required delay between 
beginning of valid input and 
positive transition of Clock. 


Delay between positive 
transition of Clock and when 
Outputs become valid (with 

INIT/OE Low). 


Delay between Vcc (after 
power-on) and when Outputs 
become preset at “1”. 


Required delay between 
beginning of valid Input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through 
the AND Array). 


Required delay between 
positive transition of clock, 
and return of input 110, 111 or 
112 from Diagnostic Mode 
(10V). 


Minimum guaranteed 
operating frequency; input to 
output (CLK1 and CLK2). 


fMaxt, 2 
fMAX3, 4 
fMaxs 


Minimum guaranteed 
operating frequency; input 

through Complement Array, 
to output (CLK1 and CLK2). 


Minimum guaranteed internal 
operating frequency; with 
internal feedback from state 
register to state register. 
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PARAMETER 


Minimum guaranteed internal 
operating frequency with 
Complement Array, with 
internal feedback from state 
register through Complement 
Array, to state register. 


Minimum guaranteed clock 


frequency (register toggle 
frequency). 


Required delay between 
positive transition of Clock 
and end of valid Input data. 


Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 


Delay between input 112 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 

Register. 


Required delay between 
inputs 111, 110 or 112 
transition to Diagnostic Mode 
(10V), and when the output 
pins become available as 
inputs. 


Required delay between the 
negative transition of the 
clock and the negative 
transition of the 
Asynchronous Initialization to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 
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SYMBOL PARAMETER 


Width of initialization input 
pulse. 


Required delay between Vcc 
(after power—on) and 
negative transition of Clock 
preceding first reliable clock 
pulse. 


Delay between beginning of 
Output Enable High and 
when Outputs are in the 
OFF-state. 


Delay between positive 
transition of Initialization and 
when Outputs become valid. 


Delay between input 112 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 

Register. 


Required delay between 
positive transition of Clock 
and end of valid Input data 
when jamming data into State 
or Output Registers in 
diagnostic mode. 


Required delay between 
negative transition of 
Asynchronous Initialization 
and negative transition of 
Clock preceding first reliable 
clock pulse. 
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LOGIC PROGRAMMING INITIALIZATION/OE OPTION - (INIT/OE) 
The PLUS405-37/-45 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors 


SNAP design software packages. ABEL™ INIT = 0 

and CUPL™ design software packages also E=1 

support the PLUS405-37/-45 architecture. _ (ALWAYS OSARLED| 
ENABLED) 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


-37/- ; PROGRAMMING THE PLUS405: 
abe tebe the sine ana ewe ae The PLUS405 has a power-up preset feature. This feature insures that the device will 


power-up in a known state with all register elements (State and Output Register) at logic High 


format, which is detailed on the following (H). When programming the device it is important to realize this is the initial state of the 
pages. This program table entry format is device. You must provide a next state jump if you do not wish to use all Highs (H) as the 
supported by SNAP only. present state. 


To implement the desired logic functions, 
each logic variable (I, B, P, S, T, etc.) from the 
logic equations is assigned a symbol. TRUE, 
COMPLEMENT, PRESET, RESET, OUTPUT 
ENABLE, INACTIVE, etc., symbols are 
defined below. 


INITIALIZATION OPTION -— (INIT) 


ACTION 
INDETERMINATE 


Tiwacrivet? [0 iP [powrcane | — 


Notes are on next page. 


ABEL is a trademark of Data I/O Corp. 
CUPL is a trademark of Logical Devices, Inc. 
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“OR” ARRAY — J-K FUNCTION -— (N), (F) 


Th 
- a? 
ott 


ACTION CODE 
TOGGLE!.& 


“COMPLEMENT” ARRAY - (C) 


c 
c 
Th 


c 
c 
Th 


ee 
[—cenenare [a 


CLOCK OPTION — (CLK1/CLK2) 


CLK2 


Bia 


CLK1 


OPTION CODE 
CLK1andCLK2> | oH | 


CLK1 


OPTION CODE 
CLK1 ONLY! 


NOTES: 
This is the initial unprogrammed state of all links. 


These states are not allowed when using INITIALIZATION option. 


Ot & Gf = 
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c 
c 
Th 


Ge 
[propacate | 


Th 


c 
c 
Th 


[—aerion [cove] 
TRANSPARENT | 


PROGRAMMING/SOFTWARE SUPPORT 
Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 
Software Support) of this data handbook for additional 
information. 


Any gate T, will be unconditionally inhibited if any one of its | or P link pairs is left intact. 
To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T,. 


Input buffer IS must be deleted from the AND array (i.e., all fuse locations “Don’t Care”) when using second clock option. 
A single product term cannot drive more than 8 registers by itself when used in TOGGLE mode. 
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PLUS405 PROGRAM TABLE 


STITT TT TT TTT TTT TT EE EE ee 
TTT TTT TTT TE EE Ee es 
TTT TTT TTT EEE ET eT 


cand seaHaBuauogunedave¥aFasueusnene4aHeuesenslunelie SECT 


OPTIONS 
OUTPUT (Fr) 


INITIALIZATION/OUTPUT ENAB 


| se ceock 2st | | | TUT |] | TL PT PUT ET TT TT] 


NEXT STATE (Ns) 


CHEECH CREECH EEE EEE 
PITT TTT TTT TTT TTT TTT TTT TE 
ESS 0 


cr 
o 
Ww 
> 
= 
re) 
< 
= 


TOGGLE 


CECE EOE EEE EEE EET EEE 


TTT TTT TTT TET eT 
TTT TTT TTT TT TTT EEE 
TT 


PRESENT STATE (Ps) 


GENERATE 
PROPAGATE 
TRANSPARENT] — 


INPUT (Im) 
is | 
al 
| Tt ] 
ee ee 
=i 
me 
~“ 
| 
mam 
| | 
a 
Fer | 
| 
na 
= 
ne 
Ese 4 
= 
am 
Etc 
a 
4d] 
ee a 
PT 
| 
mae 
| 
| 
aa 
am 
Tl 

a 
a 
nae 
Pt] 
= 
nm 
noe 
itt 
| | 
ne 
a Oa 
ee 
tl 
| 
Yi] 
na 
YT 
a 
| 
ae 

nm 
am 
| 
YT 
| | 
rn 
ae 
YT 
pam 
2! 
PT 

A 


[Cl oo 


——# Lud GSZMOSWAS HAWOLSNO 
JTgVL WWYDOud ——— ooo) da:C«é«aHE*SOVUANSG. STH 


DON'T CARE 


a SS LT ITT TTT TT TTT TTT TTT TTT TT TEE EET EE EE EEE EE EET TT . 
zB 
a? 
=) 


AAY AWVN YHSAWOLSNOD 


The device is shipped with all links initially intact. Thus, a background of “0” for all Terms, and an “H" for the IN/E and H for the clock option, exists in the table, shown BLANK instead 
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for clarity. 
Unused Transition Terms can be left blank for future code modification, or programmed as (—) for maximum speed. 


Unused Cn Im, and Ps bits are normally programmed Don't Care (—). 
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DESCRIPTION 

The PLUS405-55 device is a bipolar, 
programmable state machine of the Mealy 
type. Both the AND and the OR array are 
user-programmable. All 64 AND gates are 
connected to the 16 external dedicated inputs 
(10 - 115) and to the feedback paths of the 

8 on-chip State Registers (Qpp9 - Qp7). Two 
complement arrays support complex 
IF-THEN-ELSE state transitions with a single 
product term (input variables Co, C4). 


All state transition terms can include True, 
False and Don't Care states of the controlling 
state variables. All AND gates are merged 
into the programmable OR array to issue the 
next-state and next-output commands to their 
respective registers. Because the OR array is 
programmable, any one or all of the 64 
transition terms can be connected to any or 
all of the State and Output Registers. 


All state (Qpp9 - Qp7) and output (Qro - Qr7) 
registers are edge-triggered, clocked J-K 
flip-flops, with Asynchronous Preset and 
Reset options. The PLUS405 architecture 
provides the added flexibility of the J-K toggle 
function which is indeterminate on S-R 
flip-flops. Each register may be individually 
programmed such that a specific 
Preset-Reset pattern is initialized when the 
initialization pin is raised to a logic level “1”. 
This feature allows the state machine to be 
asynchronously initialized to known internal 
state and output conditions prior to 
proceeding through a sequence of state 
transitions. Upon power-up, all registers are 
unconditionally preset to “1”. If desired, the 
initialization input pin (INIT) can be converted 
to an Output Enable (OE) function as an 


additional user-programmable feature. 


Availability of two user-programmable clocks 
allows the user to design two independently 
clocked state machine functions consisting of 
four state and four output bits each. 


Order codes are listed in the Ordering 
Information Table below. 


ORDERING INFORMATION 
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FEATURES 


® 66.7MHz minimum guaranteed clock rate 


@ 55MHz minimum guaranteed operating 
frequency (1/(tis1 + tcko1) 
® Functional superset of PLS105/105A 


@ Field-programmable (Ti-W fusible link) 
® 16 input variables 

® 8 output functions 

® 64 transition terms 

® 8-bit State Register 

® 8-bit Output Register 

® 2 transition Complement Arrays 

® Multiple clocks 


®@ Programmable Asynchronous Initialization 
or Output Enable 


® Power-on preset of all registers to “1” 


® “On-chip” diagnostic test mode features for 
access to state and output registers 


® 950mW power dissipation (typ.) 
®@ TTL compatible 

© J-K or S-R flip-flop functions 

® Automatic “Hold” states 


® 3-State outputs 


APPLICATIONS 

® Interface protocols 

© Sequence detectors 

® Peripheral controllers 

® Timing generators 

® Sequential circuits 

® Elevator contollers 

® Security locking systems 
© Counters 


®@ Shift registers 


OPERATING 
DESCRIPTION FREQUENCY ORDER CODE DRAWING NUMBER 


28-Pin Plastic Dual In-Line (600mil-wide) 55MHz (tis + tcxo) PLUS405-—55N 0413B 
28-Pin Plastic Leaded Chip Carrier 55MHz (tis + tcxo) PLUS405-55A 
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PIN CONFIGURATIONS 


N Package 


N = Plastic DIP (600mil-wide) 


A Package 


IS/CLK 16 17 CLK Voc ls 19 


A = Plastic Leaded Chip Carrier 


0401F 


853-1546 11164 
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PIN DESCRIPTION 


Ee SYMBOL NAME AND FUNCTION POLARITY 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this | Active-High (H) 
line is necessary to update the contents of both state and output registers. Pin 1 only 
clocks PO—3 and FO-3 if Pin 4 is also being used as a clock. 


Logic Inputs: The 12 external inputs to the AND array used to program jump conditions 
between machine states, as determined by a given logic sequence. True and complement 
signals are generated via use of “H” and “L”. 


Active-High/Low 
(H/L) 


10 — 14, I7, 16 
-I9 


113-115 
CLK2 


Logic Input/Clock: A user programmable function: 


Active-High/Low 
(H/L) 


Active-High (H) 


e Logic Input: A 13th external logic input to the AND array, as above. 


© Clock: A 2nd clock for the State Registers P4—7 and Output Registers F4—7, as above. 
Note that input buffer 15 must be deleted from the AND array (i.e., all fuse locations “Don't 
Care”) when using Pin 4 as a Clock. 


Active-High/Low 
(H/L) 


Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when 
exercising standard TTL or CMOS levels. When 112 is held at +10V, device outputs FO-F7 
reflect the contents of State Register bits PO-P7. The contents of each Output Register 
remains unaltered. 


Active-High/Low 
(H/L) 


Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when 
exercising standard TTL levels. When I11 is held at +10V, device outputs FO-F7 become 
direct inputs for State Register bits PO-P7; a Low-to-High transition on the appropriate 
clock line loads the values on pins FO-F7 into the State Register bits PO-P7. The contents 
of each Output Register remains unaltered. 


Active-High/Low 
(H/L) 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when 
exercising standard TTL levels. When 110 is held at +10V, device outputs FO-F7 become 
direct inputs for Output Register bits QO—Q7; a Low-to-High transition on the appropriate 
clock line loads the values on pins FO-F7 into the Output Register bits QO-Q7. The 
contents of each State Register remains unaltered. 


Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which Active-High (H) 
normally reflect the contents of Output Register Bits QOQ-Q7, when enabled. When 1I12 is 

held at +10V, FO-F7 = (PO-P7). When 111 is held at +10V, FO-F7 become inputs to State 
Register bits PO-P7. When 110 is held at +10V, FO-F7 become inputs to Output Register 


bits Q0-Q7. 


Initialization or Output Enable Input: A user programmable function: 


¢ Initialization: Provides an asynchronous preset to logic “1” or reset to logic “0” of all Active-High (H) 
State and Output Register bits, determined individually for each register bit through user 
programming. INIT overrides Clock, and when held High, clocking is inhibited and FO-F7 
and PO-P7 are in their initialization state. Normal clocking resumes with the first full clock 
pulse following a High-to-Low clock transition, after INIT goes Low. See timing definition for 


tnvck and tycx. 


¢ Output Enable: Provides an output enable function to buffers FO-F7 from the Output Active-Low (L) 


Registers. 
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TRUTH TABLE 1: 2; 3; 4, 5, 6, 7 


4 
ol 
< 
po frerees 
pfereefern nes 


x x x «x |x & Xx 
x19 DDD) x Kk BR DK kK kK BOO Ox 


x)/xo DTH Hl KKK KK KR KK KK KK OK OK 


E 


x< 


NOTES: 

1. Positive Logic: 

S/R (or J/K) = To + Ty +Tot+. .. 163 

Ty = (60, C1) 0, 1, I2,.. 9 (FPO, P1,... PA) 

Either Initialization (Active-High) or Output Enable (Active-Low) are available, but not both. The desired function is a user-programmable 

option. 

T denotes transition from Low-to-High level. 

*“=HorLor +10V 

X = Don't Care (<5.5V) 

H/L implies that either a High or a Low can occur, depending upon user-programmed selection (each State and Output Register individually 

programmable). 

7. When using the F, pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 
on the output pins are forced by the user. 


nm 


Oar ew 


VIRGIN STATE LOGIC FUNCTION 

A factory-shipped virgin device contains all 

fusible links intact, such that: Q3_ Q2 Qi Q0 

1. INIT/OE is set to INIT. In order to use the Fa fofafo (sa) PRESENT STATE 
INIT function, the user must select either 
the PRESET or the RESET option for STATE REGISTER A-B'C-... 


each flip-flop. Note that regardless of the 

user-programmed initialization, or even if fo fofofs| n+) siliaiainci 
the INIT function is not used, all registers 
are preset to “1” by the power-up SET Qo: Jo = (G2 * Qy° Gp) A-B-C... 
procedure. Kp = 0 

RESET Q;: J; =0 


2. All transition terms are inactive (0). Ky =(Q3°Go°Q,°Up)-A-B-C... 


3. All S/R (or J/K) flip-flop inputs are 


disabled (0). ROLE Saas 

Ko =0 
4. device can be _ ve int vest RESET Og: J = (03 - Op Q, Gh) - 
eo with a standard tes Kg = (Q3° Gp Q1- Gm) 


5. Clock 2 is inactive. 
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FUNCTIONAL DIAGRAM 


Js 
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DETAIL A 


LOGIC DIAGRAM 
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DETAIL B 

ee et | 
{18}, FO 

-co ao J 
17] F1 
6] F2 
15) F3 


DETAIL C 


‘ nO fo 04 00 100246 00 96 0 46 00 of 


a mee Pee TTOCTrPrrreeerrrrrrrr rer ree Ce Z 
yw 2 6 A by = | 


i= 
2 
i 
rs) 
2 
@ 
72) 
= 
2 
E 
s 
D> 
fe) 
e 
a 
© 
wn 
2 
ro) 
= 
® 
a 


NOTE: 
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DETAILS FOR REGISTERS FOR PLUS405 


The Complement Array is a special 
sequencer feature that is often used for 
detecting illegal states. It is also ideal for 
generating IF-THEN-ELSE logic statements 
with a minimum number of product terms. 


The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A */B + /C) and (A + B + C) are equivalent, 
you will begin to see the value of this single 
term NOR array. 


The Complement Array is a single OR gate 
with inputs from the AND array. The output of 
the Complement Array is inverted and fed 
back to the AND array (NOR). The output of 
the array will be Low if any one or more of the 
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FROM PIN 4 
(IS/CLK) 


TO OR ARRAY 


AND terms connected to it are active (High). 
If, however, all the connected terms are 
inactive (Low), which is a classic unknown 
State, the output of the Complement Array will 
be High. 


Consider the Product Terms A, B and D that 
represent defined states. They are also 
connected to the input of the Complement 
Array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to Product Term E, which could be 
used in turn to reset the state machine to a 
known state. Without the Complement Array, 
one would have to generate product terms for 
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STATE REGISTERS 


PIN 1 CLK 


Detail D 


all unknown or illegal states. With very 
complex state machines, this approach can 
be prohibitive, both in terms of time and 
wasted resources. 


Note that the PLUS405 sequencers have 2 
Complement Arrays which allow the user to 
design 2 independent Complement functions. 
This is particularly useful if 2 independent 
state machines have been implemented on 
one device. 


Note that use of the Complement Array adds 
an additional delay path through the device. 
Please refer to the AC Electrical 
Characteristics for details. 
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ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS 


SYMBOL PARAMETER RATINGS TEMPERATURE 


Ouput vege we) 
ambient to junction 

iw | teputcurents | 0000 | mA 

Flour | Ouputeurens | OLA 

Storage temperature range -—65 to +150 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


DC ELECTRICAL CHARACTERISTICS 
O°C < Tamb $ +75°C, 4.75V < Voc < 5.25V 


Output voltage? 
lie 


a 


1. All typical values are at Voc = 5V. Tamp = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one ata time. 

4. Duration of short-circuit should not exceed one second. 

5. lec is measured with the INIT/OE input grounded, all other inputs at 4.5V and the outputs open. 
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AC ELECTRICAL CHARACTERISTICS 
R; = 470Q, Ro = 1kQ, Cy = 30pF, 0°C < Tam S$ +75°C, 4.75V < Voc $ 5.25V 


smo. | ranuren | eno | vo om Tm] on 
a 


ef 
a 
_ 


fugu Initialization pulse INIT- INIT+ 


Input 


=) 


Clock resume 

eis (after Initialization) INIT- CkK- 
Clock lockout 

ng (before Initialization) INIT— 


| 

B 
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a 

eee 
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wa 
— 


Tn | Poweronresst Veet 


Notes on following page 
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AC ELECTRICAL CHARACTERISTICS (Continued) 
Ry = 470, Ro = 1kQ, C, = 30pF, 0°C < Tamb $ +75°C, 4.75V < Voc < 5.25V 


ae 


Frequency of operation 
“ ™ 7550 _ 
“ jefe] ~ 

Output + 38.5 poe] MHz 


Register 


™ 


CLK1; (without Complement Array) 
a See 
tis1 + tcxo1 


CLK2; (without Complement Array) 


1 
tis + tcxo2 


CLK1; (with Complement Array) 
a 
tis2 + tcko1 


Input through 
Complement 
Array + 


CLK2; (with Complement Array) 


1 
tis2 + tcko2 


Input through 
Complement 
Array + 


Internal feedback without Complement 
Array (CLK1 or CLK2) 


1 
(- + --| 


Register 
Output + 


Internal feedback with Register 
Complement Array (CLK1 or CLK2) Output Reai 
fMAX6 ; through | 3 eH 55.6 66.7 MHz 
ren Complement ee 
tis2 Array + 


NOTES: 

1. All typical values are at Voc = 5V, Tamb = +25°C. 

2. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vy = (Vo, + 0.5V) level with S, closed. 

3. All propagation delays and setup times are measured and specified under worst case conditions. 


TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 


MEASUREMENTS: 
NOTE: All circuit delays are measured at the +1.5V level of 
. inputs and outputs, unless otherwise specified. 


Cy and Co are to bypass Vcc to GND. 


Input Pulses 
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TIMING DIAGRAMS 


toe 


Sequential Mode 


wvoK-+{+tNve 


Asynchronous Initialization 


UNITH 


tppR 


tis 


Power-On Preset 
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TIMING DIAGRAMS (Continued) 


0 - 111, 
113-115 


“INTERNAL 
@0-G7 _STATE REG. 3) 


Diagnostic Mode — State Register Outputs 


(2%) WLLL 


Diagnostic Mode — State Register Input Jam 


FO -F7 
(INPUTS) 


(se) WLLL: 


Diagnostic Mode — Output Register Input Jam 
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TIMING DEFINITIONS 


SYMBOL PARAMETER 
Width of input clock pulse. 


tcxp1,2 | Minimum guaranteed clock 
period. 


Required delay between 
beginning of valid input and 
positive transition of Clock. 


Delay between positive 
transition of Clock and when 
Outputs become valid (with 

INIT/OE Low). 


Delay between Vcc (after 
power-on) and when Outputs 
become preset at “1”. 


Required delay between 
beginning of valid Input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through 
the AND Array). 


Required delay between 
positive transition of clock, 
and return of input 110, 111 or 
112 from Diagnostic Mode 
(10V). 


Minimum guaranteed 
operating frequency; input to 
output (CLK1 and CLK2). 


Minimum guaranteed 
operating frequency; input 

through Complement Array, 
to output (CLK1 and CLK2). 


Minimum guaranteed internal 
operating frequency; with 
internal feedback from state 
register to state register. 
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SYMBOL PARAMETER 


fMAxe Minimum guaranteed internal 
operating frequency with 
Complement Array, with 
internal feedback from state 
register through Complement 
Array, to state register. 

foLk Minimum guaranteed clock 
frequency (register toggle 
frequency). 

tckL1,2 | Interval between clock 
pulses. 

ty 


Required delay between 
positive transition of Clock 
and end of valid Input data. 


Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 


Delay between input 112 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 
Register. 


Required delay between 
inputs 111, 110 or 112 
transition to Diagnostic Mode 
(10V), and when the output 
pins become available as 
inputs. 


Required delay between the 
negative transition of the 
clock and the negative 
transition of the 
Asynchronous Initialization to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 
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SYMBOL PARAMETER 


t Width of initialization input 
pulse. 


Required delay between Vcc 
(after power-on) and negative 
transition of Clock preceding 

first reliable clock pulse. 


Delay between beginning of 
Output Enable High and 
when Outputs are in the 
OF F-state. 


Delay between positive 
transition of Initialization and 
when Outputs become valid. 


Delay between input 112 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 

Register. 


Required delay between 
positive transition of Clock 
and end of valid Input data 
when jamming data into State 
or Output Registers in 
diagnostic mode. 


Required delay between 
negative transition of 
Asynchronous Initialization 
and negative transition of 
Clock preceding first reliable 
clock pulse. 
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LOGIC PROGRAMMING INITIALIZATION/OE OPTION — (INIT/OE) 
The PLUS405-55 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors 


SNAP design software package. ABEL™ and INIT = 0 
CUPL™ design software packages also E=1 
support the PLUS405-55 architecture. t. (ALWAYS aaa 


ENABLED) 
All packages allow Boolean and state 


equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 

: PROGRAMMING THE PLUS405: 
sheen a i ae ii The PLUS405 has a power-up preset feature. This feature insures that the device will power-up 
g ee ee ny in a known state with all register elements (State and Output Register) at logic High (H). When 
format, which is detailed on the following programming the device it is important to realize this is the initial state of the device. You must 
pages. ihe eit ig entry format is provide a next state jump if you do not wish to use all Highs (H) as the present state. 
supported by only. 


To implement the desired logic functions, 
each logic variable (I, B, P, S, T, etc.) from the 
logic equations is assigned a symbol. TRUE, 
COMPLEMENT, PRESET, RESET, OUTPUT 
ENABLE, INACTIVE, etc., symbols are 
defined below. 


INITIALIZATION OPTION -— (INIT) 


> > 
oe i De 5 come 
INIT INIT 


ACTION CODE CODE 
INDETERMINATE4 Lg 


“AND” ARRAY - (I), (P) 


STATE CODE 
imactive!2 | o | 


Notes are on next page. 


ABEL is a trademark of Data I/O Corp. 
CUPL is a trademark of Logical Devices, Inc. 
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“OR” ARRAY — J-K FUNCTION - (N), (F) 


Tn 


c 
c 
Th 


c 
c 
Th 


[—nerion [cone] 
Tnanspanent | - | 


PROPAGATE 


PROGRAMMING/SOFTWARE SUPPORT 
Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 
Software Support) of this data handbook for additional 
information. 


CLK1 
Ee 
NOTES: 
1. This is the initial unprogrammed state of all links. 
2. Any gate T, will be unconditionally inhibited if any one of its | or P link pairs is left intact. 
3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Ty. 
4. These states are not allowed when using INITIALIZATION option. 
5. Input buffer IS must be deleted from the AND array (i.e., all fuse locations “Don’t Care”) when using second clock option. 
6. A single product term cannot drive more than 8 registers by itself when used in TOGGLE mode. 
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PLUS405 PROGRAM TABLE 


INACTIVE OR 
TOGGLE 


0 


INACTIVE 


GENERATE 
PROPAGATE 


L | CLK1/ 
[H | CLK2 


CLK1 ONLY 
CLK1 AND 2 


TRANSPARENT | — 


DON’T CARE 


._otockse [| | pitti tt tpi it tt | 


NEXT sails (Ns) OUTPUT (Fr) 


P7|P6|P5|P4|Pa|P2|P1 {Po} | N7| NGI N5 NA! 


PRESENT STATE (Ps) 


INPUT oe 


STITT T TTT TTT TTT TTT TT EE ET TE EE EE 
AT TTT TTT TT TT TET TTT ETE EE TT 
TTT TT TTT TT TTT 


ECE EEE EE PEELE EEE CTE EEE 


MT TTT TTT TTT TTT EE EE 
TTT TTT TTT TT TT TT eT 
eee eRe eee eee 


SRRURERRE A. 


| | 


EECCA 
Se 


ST TTT TTT TTT TTT TTT TT TEE EE 


eC 


Bette eb eee EEE eee eR pe ax 
ERREEEUEEREERSERER BRERGRARRERARTIR EARLE 


see HE LETT TTT TTT TTT TT TT TE EEE EEE TT 


— # LHVd GSZIMOEWAS HAWOLSND 


4A1aVl WYWYDOud — 
Adu 


(xxxXX) 4O 


# AOIAAG SdI Hd 
AWVN YAWOLSNO 


NOTES: 


Le 


The device is shipped with all links initially intact. Thus, a background of "0" for all Terms, and an "H" for the IN/E and H for the clock option, exists in the table, shown BLANK instead 


for clarity. 


Unused Cn Im, and Ps bits are normally programmed Don't Care (—). 


2. 


Unused Transition Terms can be left blank for future code modification, or programmed as (—) for maximum speed. 


3. 
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P3C18V8Z35/P3C18V8ZI 


DESCRIPTION 

The P3C18V8Z is a universal PAL-type 
device designed to operate specifically in a 
low voltage environment (3.3V). Per JEDEC, 
the P3C18V8Z can support a regulated 
operating supply voltage, 3.0 to 3.6V and an 
unregulated (battery) operating supply 
voltage, 2.7 to 3.6V, at 21 and 18 MHz, 
respectively. The PAL device is available in 
the commercial temperature range, 
P3C18V8Z35, and the industrial temperature 
range, P3C18V8ZI. 


These devices offer virtually zero standby 
power (20y/A typical) as well as very low 
power consumption during operation (23mA 
worst case in combinatorial configuration). 
The P3C18V8Z automatically powers down 
when the inputs or the clock are idle for 
greater than one full clock cycle. The device 
will automatically power up from a standby 


mode once any input or the clock is activated. 


This input transition detection circuitry makes 
these devices ideal for power sensitive 
applications — especially those which are 
battery operated or backed up. 


All the P3C18V8Z devices are available in 
plastic DIP, PLCC and Plastic Small Outline 
(SOL) packages. A ceramic DIP with a 
window for erasure is available for 


prototyping. 


The P3C18V8Z is a two level logic element 
comprised of 10 inputs, 74 AND gates (logic 
and control product terms) and 8 Output 
Macro Cells (OMCs). Each OMC can be 
configured as a dedicated input, a 
combinatorial I/O or a registered output with 
internal feedback. Each OMC has individual 
direction control (from the AND array) and 
programmable output polarity. The dedicated 
clock and OE pins can be configured as 
inputs for strictly combinatorial applications. 
Two product terms control the asynchronous 
Reset and the synchronous Preset functions. 


ORDERING INFORMATION 
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Power up Reset and Register Preload 
functions have also been incorporated into 
the P3C 18V8Z to facilitate state machine 
design and testing. 


The Output Macro Cell feature of the 
P3C18V8Z devices provides the flexibility to 
emulate all 20 pin common PAL and GAL 
functions, thus providing reduced 
documentation, inventory and manufacturing 
costs. The P3C18V8Z is also pin and fuse 
map compatible with all the Philips 5 Volt 
P3C18V8Z devices. 


FEATURES 

e 20-pin Universal Programmable Array 

Logic (PAL), operational over low voltage 

ranges 

— 3.0 to 3.6V (35ns Tpp/21 MHz fyax) 

— 2.7 to 3.6V (40ns Tpp/18 MHz fuax) 

Virtually zero-standby-power and very low 

dynamic power 

— 201A standby (typ.) 

— 0.8 mA/MHz (worst case) 

e Functional replacement for Series 16 PALs 
and GALs 
- Highly flexible Output Macro Cell 

e Available in DIP, PLCC and SOL (Small 
Outline) packages 

e High performance EPROM CMOS cell 

technology 

- 100% testable prior to programming 

— Lowcost OTP plastic packages 

— Erasable/reconfigurable (ceramic 
package) 

Design support provided by most popular 

third party programmable Logic CAD tools 


APPLICATIONS 

e Laptop, notebook and palm top computers 
e Portable communications equipment 

e Battery power/backed instruments 

e Industrial automation/control 


20-Pin (300mil-wide) Plastic Dual In-Line Package 

20-Pin (300mil-wide) Ceramic Dual In-Line Package with quartz window 
20-Pin (350mil square) Plastic Leaded Chip Carrier Package 

20-Pin (300mil-wide) Plastic Small Outline Large Package 

20-Pin (200mil-wide) Plastic Dual In-Line Package 

20-Pin (300mil-wide) Ceramic Dual In-Line Package with quartz window 


20-Pin (350mil square) Plastic Leaded Chip Carrier Package 
20-Pin (300mil-wide) Plastic Small Outline Large Package 


433 


Commercial 
04008 
nds 


PIN CONFIGURATIONS 
D, N, and FA Packages 


N = Plastic Dual In-Line Package (DIP) (300mil-wide) 
FA = Ceramic DIP with Quartz Window (300mil-wide) 
D = Plastic Small Outline Large Package (300mil-wide) 


A Package 
| 
ly CLKVoc F7 


Ig GND lg Fo Fy 
OE 


A = Plastic Leaded Chip Carrier 


PIN DESCRIPTIONS 


| 1 | Dedicated Input 
Output/Input Macrocell 
Clock Input 


| OE | Output Enable 
Supply Voltage 


P3C18V8ZIA 
P3C18V8ziID | 0172D 


853-1716 10699 
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ICES 
8 12 16 20 24 28 32 
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Pins 1 and 11 are configured as Inputs 0 and 9, respectively, via the configuration cell. The clock and 
Denotes a programmable cell location. 


DE functions are disabled. 
All output macro cells (OMC) are configured as bidirectional I/O, with the outputs disabled via the 


direction term. 


All AND gate locations are pulled to a logic “O" (Low). 


In the unprogrammed or virgin state: 
Output polarity is inverting. 


Ail ceils are in a conductive state. 


NOTES: 
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PAL DEVICE TO P3C18V8Z OUTPUT PIN CONFIGURATION FUNCTIONAL DIAGRAM 
CROSS REFERENCE 


36 ROWS X 72 COLUMNS 


= 
ra 
a 
< 
Pa 
z 
lw 
a 
< 
= 
z 
x 
2 
a 


The Philips Semiconductors’ state-of-the-art to the customer. Additionally, this allows 
Floating-Gate CMOS EPROM process yields — Philips Semiconductors to extensively stress 


bipolar equivalent performance at less than test, as well as ensure the threshold voltage 

one-quarter the power consumption. The of each individual EPROM cell. 100% 

erasable nature of the EPROM process programming yield is subsequently 

enables Philips Semiconductors to guaranteed. 

functionally test the devices prior to shipment 

OUTPUT MACRO CELL (OMC) THE OUTPUT MACRO CELL 
(OMC) 
The P3C18V8Z series devices have 8 

FROM AND individually programmable Output Macro 
ARFIAY A TO ALL OMCs Cells. The 72 AND inputs (or product terms) 


from the programmable AND array are 
connected to the 8 OMCs in groups of 9. 
Eight of the AND terms are dedicated to logic 
functions; the ninth is for asynchronous 
direction control, which enables/disables the 
respective bidirectional I/O pin. Two product 
terms are dedicated for the Synchronous 
Preset and Asynchronous Reset functions. 


Each OMC can be independently 

programmed via 16 architecture control bits, 

Tt ouTPUr AC1, and AC2, (one pair per macro cell). 

= POLARITY ! PY ee Similarly, each OMC has a programmable 
Con output polarity control bit (Xn). By configuring 

the pair of architecture control bits according 

to the configuration cell table, 4 different 

configurations may be implemented. Note that 

the configuration cell is automatically 

programmed based on the OMC 


configuration. 
DESIGN SECURITY 
TO ALL OMCs The P3C18V8Z series devices have a pro- 


grammable security fuse that controls the ac- 
cess to the data programmed in the device. 


NOTE: ; ‘ ; 
# Denotes a programmable cell location. By using this programmable feature, propri- 


etary designs implemented in the device can- 
not be copied or retrieved. 
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CONFIGURATION CELL 

A single configuration cell controls the 
functions of Pins 1 and 11. Refer to 
Functional Diagram. When the configuration 
cell is programmed, Pin 1 is a dedicated 
clock and Pin 11 is dedicated for output 
enable. When the configuration cell is 
unprogrammed, Pins 1 and 11 are both 
dedicated inputs. Note that the output enable 


Bidirectional I/O mode 


NOTE: 


for all registered OMCs is common—from Pin 
11 only. Output enable control of the 
bidirectional I/O OMCs is provided from the 
AND array via the direction product term. 


If any one OMC is configured as registered, 
the configuration cell will be automatically 
configured (via the design software) to ensure 
that the clock and output enable functions are 


CONTROL CELL CONFIGURATIONS 
FUNCTION FACT, =| ACs] CONFIG. CELL COMMENTS 
— bata ton a 
Pins 1 and 11 are dedicated inputs. 
Unprogrammed Unprogrammed Unprogrammed 3-State control from AND array only. 
Fixed input mode Unprogrammed Unprogrammed Pins 1 and 11 are dedicated inputs. 


Fixed output mode Unprogrammed Unprogrammed 


4. This is the virgin state as shipped from the factory. 


ARCHITECTURE CONTROL—AC1 and AC2 


REGISTERED (D-TYPE) | 


OMC CONFIGURATION CODE 


NOTES: 


OMC CONFIGURATION CODE 


BIDIRECTIONAL VO 
(COMBINATORIAL) 


CONFIGURATION CELL CODE 


PIN 1 = 


PIN 11=0E 


A factory shipped unprogrammed device is configured such that: 
This configuration cannot be used if any OMCs are configured as registered (Code = D). The configuration cell will be automatically 
configured to ensure that the clock and output enable functions are enabled on Pins 1 and 11, respectively, if any one OMC is programmed 


as registered. 


* All AND gates are pulled to a logic "0” (Low). 


* Output polarity is inverting. 


* Pins 1 and 11 are configured as inputs O and 9. The clock and OE functions are disabled. 
* All Output Macro Cells (OMCs) are configured as bidirectional I/O, with the outputs disabled via the direction term. 
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enabled on Pins 1 and 11, respectively. If 
none of the OMCs are registered, the 
configuration cell will be programmed such 
that Pins 1 and 11 are dedicated inputs. The 


programming codes are as follows: 
Pin 1 = CLK, Pin 11 = OE 


Pin 1 and Pin 11 = Input 


Pins 1 and 11 are dedicated inputs. The 
feedback path (via Fyyx) is disabled. 


) >—_— F(O), F (0) 


OMC CONFIGURATION CODE 


FIXED OUTPUT po 


CONFIGURATION CELL CODE 


PIN 1 = INPUT 


PIN 11. = INPUT 
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ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS 


ae 2 ns/V 
AVAV Input/clock transition rise or fall eal 


Pin | Input currents —10 to +10 | mA | 


Allowable thermal rise 
ambient to junction 


. —40 to +85 (Industrial) 2 
Tab Operating temperature range 0 to +75 (Commercial) 
Storage temperature range —65 to +150 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 

2. Alldigital circuits can oscillate or trigger prematurely when input rise and fall times are very long. 
When the input signal to a device is at or near the switching threshold, noise on the line will 
be amplified and can cause oscillation which, if the frequency is low enough, can cause 
subsequent stages to switch and give erroneous results. For this reason, external 
Schmitt-triggers are recommended if rise/fall times are likely to exceed 200ns at Vcc = 3.6V. 


AC TEST CONDITIONS VOLTAGE WAVEFORMS 


INPUTS 


OUTPUTS 
MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


NOTE: 
Cy and Cz are to bypass Vcc to GND. Ri =200Q R2= 3909 Input Pulses 


SWITCHING WAVEFORM 


Input to Output Disable/Enable 
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DC ELECTRICAL CHARACTERISTICS 
2.7V < Voc $3.6 and3.0V <Vcc s 3.6 ranges 


Commercial = 0°C < Tamb S$ +75°C 
Industrial = —40°C < Tamp S +85°C 


LIMITS 
SYMBOL PARAMETER TEST CONDITION | MIN | Typ! | MAX | UNIT 


Input voltage 


ri fe SSC~dSCi‘“‘“‘ CdS 


Output voltage? 
Voc = MIN, Io. = 20nA 0.100 V 
Vcc = MIN, lo, = 24mA 0.500 V 


Voc = 3.0, lou =-3.2mA 
Voc = 3.0, lou = —20nA 
Voc = 2.7, loy = —1.6pA 


Vin = GND 


a 
. —_ 
a 
: a Ta 
— 
— 


Voc supply current (Standby) Voc = MAX, Vin = 0 or Voc 


Capacitance 


Voc = 5V 
Vin = 2.0V pf 


f(MHz) 


Figure 1. Icc vs Frequency 
(Worst Case) 


NOTES: 

1. All typical values are at Voc = 3.3V, Tarp = +25°C. 

All voltage values are with respect to network ground terminal. 

Duration of short-circuit should not exceed one second. Test one ata time. 
Measured with all outputs swtiching. 

li, for Pin 1 (Ip/CLK) is + 102A with Vix = 0.4V. 

Vin includes CLK and OE if applicable. 


& Or CO fo 
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AC ELECTRICAL CHARACTERISTICS 
3.0V < Voc $3.6V range; Ro= 3902 

Commercial = O°C < Tam S$ +75°C 

Industrial = —40°C < Tamb S +85°C 


P3C18V8zZ35 | P3C18V8ZI 

1 

TEST CONDITION (Commercial) (Industrial) 
SYMBOL PARAMETER TO CL (pF) | MIN | MIN: | MAX — 


ie a 
Ps 
a 
— 


tcKp 
tCKH 
ICKL 


Pas 
=a 


Clock High to output valid access 
Time 


Product term enable to outputs off = 
Product term disable to outputs off + 
E 


Pin 11 output disable High to outputs OE — 
off 


Pin 11 output enable to active output 


Maximum frequency | 


1. Refer also to AC Test Conditions. (Test Load Circuit) 


Ic 
lo 


, 
’ 


KO 
E1 

top2 

loE2 
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AC ELECTRICAL CHARACTERISTICS 
2.7V s Voc S$ 3.6V range; Ro = 390Q 

Commercial = 0°C < Tamb S$ +75°C 

Industrial = —40°C < Tamb S +85°C 


P3C18V8Z35 | P3C18V8ZI 
TEST CONDITION’ (Commercial) (Industrial) 
SYMBOL PARAMETER To Ci (pF) | MIN | | MIN UNIT 


eos | eckwaniign Sf OK | | «dO 
ee 
es 


is _[lneotortosbackdatapoine [Oks [mez [|e] .° | [=| 
Vis [ectorteobackaaia coupe [are [Oke [©  [*] [® | [= 


Propagation delay 


'cKo 
loe1 
toot 
lop2 
loe2 


Power-up reset 
Tiuax [| Maximumtequency «dts too) 8 —~«d «dt (| —«dY:S | 


NOTES: 
1. Refer also to AC Test Conditions. (Test Load Circuit) 


Pin 11 output disable High to outputs F+ 
off ~ 
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POWER-UP RESET 

In order to facilitate state machine design and Therefore, any OMC that has been registered OMC will also be set Low. The 
testing, a power-up reset function has been configured as a registered output will always programmed polarity of OMC will not affect 
incorporated in the P3C18V8Z. All internal produce an Active-High on the associated the Active-High output condition during a 
registers will reset to Active-Low (logical “O”) output pin because of the inverted output system power-up condition. 

after a specified period of time (tppr). buffer. The internal feedback (Q) of a 


TIMING DIAGRAMS 


re i 


'CKL 


PIN 11 OE 


‘CKO top2 tOE2 


i a CD 
re LLL LLL LLL > Ga 


toD1 1OE1 


senses WEEK 


Switching Waveforms 


Voe 


F 
(OUTPUTS) 


dd 


UH Us 


tis (CKH ICKL 
—= op = 


NOTE: 
Diagram presupposes that the outputs (F) are enabled. The reset occurs regardless of the output condition (enabled or disabled). 


Power-Up Reset 
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REGISTER PRELOAD FUNCTION the registers with predetermined states while out. The Q outputs of the registers will reflect 


(DIAGNOSTIC MODE ONLY) a super voltage is applied to Pins 11 and 6 data in as input via Fo _ 7 during preload. 

In order to facilitate the testing of state (lg/OE and Is). (See diagram for timing and Subsequently, the register Q output via the 
machine/controller designs, a diagnostic sequence.) feedback path will reflect the data in as input 
mode register preload feature has been To read the data out, Pins 11 and6 mustbe — “'2 Fo-7- 

incorporated into the P3C18V8Z series returned to normal TTL levels. The outputs, Refer to the voltage waveform for timing and 


device. This feature enables the user toload = Fy_ 7, must be enabled in order to readdata _—- voltage references. tp, = 10sec. 


REGISTER PRELOAD (DIAGNOSTIC MODE) 


Ig/OE 
(PIN 11) 


I5 
(PIN 6) 


Fo-7 ‘ PRELOAD DATA IN ’ PRELOAD DATA OUT -— DATA OUT Fo_7 
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LOGIC PROGRAMMING 

The P3C18V8Z series is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors’ 
SNAP design software package. ABEL™ and 
CUPL™ 90 design software packages also 
support the P3C18V8Z architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


OUTPUT POLARITY - (0, B) 


ACTIVE LEVEL CODE 
INVERTING! 


“AND” ARRAY - (I, B) 


[powrcane [| 


P3C18V8Z logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format is 
supported by SNAP only. 


With Logic programming, the 
AND/OR/EX-OR gate input connections 
necessary to implement the desired logic 
function are coded directly from logic 
equations using the Program Table. Similarly, 


ACTIVELEVEL | CODE | 
NON-INVERTING 


[—wacrive™ [0 | 


various OMC configurations are implemented 
by programming the Architecture Control bits 
AC1 and AC2. Note that the configuration cell 
is automatically programmed based on the 
OMC configuration. 


In this table, the logic state of variables |, P 
and B associated with each Sum Term S is 
assigned a symbol which results in the proper 
fusing pattern of corresponding link pairs, 
defined as follows: 


NOTE: 


1. A factory shipped unprogrammed device is configured such that all cells are in a conductive state. 


ERASURE CHARACTERISTICS 
(For Quartz Window Packages 


Only) 

The erasure characteristics of the P3C18V8Z 
Series devices are such that erasure begins 
to occur upon exposure to light with 
wavelengths shorter than approximately 4000 
Angstroms (A). It should be noted that 
sunlight and certain types of fluorescent 
lighting could erase a typical P3C 18V8Z in 
approximately three years, while it would take 
approximately one week to cause erasure 
when exposed to direct sunlight. If the 
P3C18V8Z is to be exposed to these types of 
lighting conditions for extended periods of 
time, opaque labels should be placed over 
the window to prevent unintentional erasure. 


ABEL is a trademark of Data I/O Com. 
CUPL is a trademark of Logical Devices, Inc. 
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The recommended erasure procedure for the 
P3C18V8Z is exposure to shortwave 
ultraviolet light which has a wavelength of 
2537 Angstroms (A). The integrated dose 
(i.e., UV intensity x exposure time) for 
erasure should be a minimum of 
15Wsec/cm?. The erasure time with this 
dosage is approximately 30 to 35 minutes 
using an ultraviolet lamp with a 
12,000nW/cm? power rating. The device 
should be placed within one inch of the lamp 
tubes during erasure. The maximum 
integrated dose a CMOS EPLD can be 
exposed to without damage is 
7258Wsec/cm?). Exposure of these CMOS 
EPLDs to high intensity UV light for longer 
periods may cause permanent damage. 
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The maximum number of guaranteed 
erase/write cycles is 50. Data retention 
exceeds 20 years. 
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SNAP RESOURCE SUMMARY DESIGNATIONS 
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DESCRIPTION 

The LVT16V8—7 is a V-type GAL device 
designed to operate over the 3.0 to 3.6 volt 
range. This versatile device is fabricated 
using the BICMOS process which produces 
superior performance, low noise and reduced 
ground bounce. The reduction from 5V to 
3.3V also dramatically reduces power to less 
than 0.5 watts (worst case). 


This industry standard device is ideal for high 
performance systems which have been 
designed to operate with 3.3V + 0.3V power 
supplies, as well as systems which are 
operating with dual supplies (5.0V and 3.3V). 
The LVT16V8~—7 can accept both 3.3 and 
5.0V input levels without the need for level 
translators. Both the inputs and I/O have 
high state reverse current flow protection to 
insure that the outputs are not damaged if the 
3V LVT16V8 is interfaced with 5V devices. 


The LVT 16V8~7 is designed with metastable 
hardened flip—flops so that the outputs can 
never display a metastable state due to set 
up or hold time violations. If set up or hold 
times are violated, the outputs will not glitch 
or display a metastable state (however 
propagation delays may extend). 


Active bus-hold circuitry is provided to 
eliminate the need for external resistors to 
hold unused or floating inputs at valid logic 
levels. 


The LVT16V8's flexible architecture supports 
a wide variety of high performance 
applications: counters, shift registers, 
address decoders, state machines, 
multiplexers and random logic collection. 


The LVT 16V8-7 is identical, in function and 
fuse map, to other industry standard 
EEPROM and EPROM 16V8 devices. 
Development and programming support are 
offered by Philips and other third party 
vendors. 


ORDERING INFORMATION 


October 1993 


FEATURES 


Advanced low voltage BiCMOS process 
technology 


Ultra high performance over the 3.0 to 3.6 
voltage range 


— 7.5ns Tpp 

— 5.0ns Tis 

- 5.0ns Toxo 

— 110 MHz Fwmax (internal feedback) 
— 143 MHz clock rate 

Low power dissipation 

— 300mW typical 

5V compatible inputs and I/O 


Exceptional noise immunity and low ground 
bounce 


Live insertion/extraction 


Bus-hold data inputs eliminate the need for 
external pull up resistors. 


Wide package availability; DIP, PLCC, SOL 
Metastable hardened Flip-Flops 
Architectural Flexibility 

— Emulates all 20 pin PAL devices 

— Upto 16 inputs and 8 outputs 


— Independently programmable I/O 
macrocells (4 configurations) 


— Independently programmable output 
polarity 

— Product term output enable for 
combinatorial functions 


— Register Preload and Power Up reset of 
all registers 


Development and programming support 
— Third party software and programmers 
— Philips SNAP development software 
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PIN CONFIGURATIONS 


D and N Packages 


CLK/VO 


N = Plastic DIP (300mil-wide) 
D = Plastic SOL (300mil-wide) 


A Package 


CLK 
ly NO VecVo7 


Ig GND DE I/99 Io} 


A = Plastic Leaded Chip Carrier 


PIN TABLE DESCRIPTIONS 


Output Enable 
Supply Voltage 
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DESCRIPTION 

The LVT22V 10-7 is a V-type PAL device 
designed to operate over the 3.0 to 3.6 volt 
range. This versatile device is fabricated 
using the BICMOS process which produces 
superior performance, low noise and reduced 
ground bounce. The reduction from 5V to 
3.3V also dramatically reduces the power 
consumption to less than 100mA (worst 
case). 


This industry standard device is ideal for high 
performance systems which have been 
designed to operate with 3.3V + 0.3V power 
supplies, as well as systems which are 
operating with dual supplies (5.0V and 3.3V). 
The LVT22V 10-7 can accept both 3.3 and 
5.0V input levels without the need for level 
translators. Both the inputs and I/O have 
high state reverse current flow protection to 
insure that the outputs are not damaged if the 
3V LVT22V10 is interfaced with 5V devices. 


The LVT22V 10-7 is designed with 
metastable hardened flip—flops so that the 
outputs can never display a metastable state 
due to set up or hold time violations. If set up 
or hold times are violated, the outputs will not 
glitch or display a metastable state however 
(propagation delays may extend). 


The LVT22V 10's flexible architecture 
supports a wide variety of high performance 
applications: counters, shift registers, 
address decoders, state machines 
multiplexers and random logic collection. 


The LVT22V 10-7 is identical, in function and 
fuse map, to other industry standard 
EEPROM and EPROM 22V10 devices. 
Development and programming support are 
offered by Philips and other third party 
vendors. 


ORDERING INFORMATION 


July 1993 


FEATURES 


Advanced low voltage BiCMOS process 
technology 

Ultra high performance over the 3.0 to 3.6 
voltage range 

— 7.5ns Tpp 

— 5.0ns Tis 

- 6.0ns Toxo 

— 110 MHz Fax (internal feedback) 

— 143 MHz clock rate 

Low power dissipation 

— 300mW typical 

5V compatible inputs and I/O 

Exceptional noise immunity and low ground 
bounce 

Live insertion/extraction 

Metastable hardened Flip-Flops 

Wide package availability; DIP, PLCC, SOL 
Architectural Flexibility 


— Up to 22 inputs and 10 outputs 

— Variable product term distribution for 
greater logic flexibility 

— Synchronous preset; asynchronous clear 

— Independently programmable output 
polarity and output enable 

— Register preload and power up reset of 
all registers 

— Register Preload and Power Up reset of 
all registers 

Development and programming support 

— Third party software and programmers 

— Philips SNAP development software 


ORDER CODE 
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LVT22V10—7 


PIN CONFIGURATIONS 


D and N Packages 


N= Plastic Dual In-Line Package (300mil-wide) 
D= Plastic Small Outline Large (300mil-wide) 
Package 


A Package 


CLK/ 


I9 110 GNDGNDI11 FO F1 


A = Plastic Leaded Chip Carrier 


PIN LABEL DESCRIPTIONS 
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DESCRIPTION 

The LVT20V8~7 is a V-type GAL device 
designed to operate over the 3.0 to 3.6 volt 
range. This versatile device is fabricated 
using the BICMOS process which produces 
superior performance, low noise and reduced 
ground bounce. The reduction from 5V to 
3.3V also dramatically reduces power to less 
than 0.5 watts (worst case). 


This industry standard device is ideal for high 
performance systems which have been 
designed to operate with 3.3V + 0.3V power 
supplies, as well as systems which are 
operating with dual supplies (5.0V and 3.3V). 
The LVT20V8-—7 can accept both 3.3 and 
5.0V input levels without the need for level 
translators. Both the inputs and !/O have 
high state reverse current flow protection to 
insure that the outputs are not damaged if the 
3V LVT20V8 is interfaced with 5V devices. 


The LVT20V8-7 is designed with metastable 
hardened flip—flops so the outputs can never 
display a metastable state due to set up or 
hold time violations. If set up or hold times 
are violated, the outputs will not glitch or 
display a metastable state (however 
propagation delays may extend). 


Active bus-hold circuitry is provided to 
eliminate the need for external pull up 
resistors to hold unused or floating inputs at 
valid logic levels. 


The LVT20V8's flexible architecture supports 
a wide variety of high performance 
applications: counters, shift registers, 
address decoders, state machines, 
multiplexers and random logic collection. 


The LVT20V8-7 is identical, in function and 
fuse map, to other industry standard 
EEPROM and EPROM 20V8 devices. 
Development and programming support are 
offered by Philips and other third party 
vendors. 


ORDERING INFORMATION 
DESCRIPTION 


24—Pin Plastic Dual In—Line Package 
28-Pin Plastic Leaded Chip Carrier 


24—-Pin Plastic Small Outline Large Package 


July 1993 


FEATURES 

e Advanced low voltage BICMOS process 

technology 

Ultra high performance over the 3.0 to 3.6 

voltage range 

— 7.5ns Tpp 

— 5.0ns Tis 

— 6.0ns Toxo 

— 110MHz Fyax (internal feedback) 

— 143MHz clock rate 

e Low power dissipation 
— 300mW typical 

e 5V compatible inputs and I/O 

Exceptional noise immunity and low ground 

bounce 

Live insertion/extraction 

« Metastable hardened Flip—Flops 

« Wide package availability; DIP, PLCC, SOL 

» Bus-hold data inputs eliminate the need for 

external pull up resistors 

Architectural Flexibility 

— Emulates all 24 pin PAL devices 

— Up to 20 inputs and 8 outputs 

— Independently programmable I/O 
macrocells (4 configurations) 

— Independently programmable output 
polarity 

— Product term output enable for 
combinatorial functions 

— Register Preload and Power Up reset of 
all registers 

« Development and programming support 
— Third party software and programmers 
— Philips SNAP development software 


LVT20V8—7N 


LVT20V8-—7D 
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ORDER CODE DRAWING NUMBER 


Preliminary specification 


LVT20V8—7 


PIN CONFIGURATIONS 
D and N Packages 


N = Plastic DIP (300mil-wide) 
D = Plastic SOL (300 mil-wide) 


A Package 


I8. 110 GNDGND OE/ 112 VO 
111 


A = Plastic Leaded Chip Carrier 


PIN TABLE DESCRIPTIONS 
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PLHS501/PLHS5011 


FEATURES 


®@ Programmable Macro Logic device 
® Full connectivity 
®@ TTL compatible 


@ SNAP development system: 


— Supports third-party schematic entry 
formats 


— Macro library 
— Versatile netlist format for design 
portability 
— Logic, timing, and fault simulation 
® Delay per internal NAND function = 6.5ns 
(typ) 


@ Testable in unprogrammed state 


® Security fuse allows protection of 
proprietary designs 


STRUCTURE 
® NAND gate based architecture 
— 72 foldback NAND terms 


® 136 input-wide logic terms 
® 44 additional logic terms 
@ 24 dedicated inputs (Ig — 23) 


® 8 bidirectional I/Os with individual 3-State 
enable: 
— 4 Active-High (Bz — B7) 
— 4 Active-Low (Bp — Bs) 


® 16 dedicated outputs: 
- 4 Active-High outputs 
Oo, O; with common 3-State enable 
Oo, Oz with common 3-State enable 
— 4 Active-Low outputs: 
O4, Os with common 3-State enable 
O., O7 with common 3-State enable 
— 8 Exclusive-OR outputs: 
Xo, X; with common 3-State enable 
Xo, X3 with common 3-State enable 
X4, X5 with common 3-State enable 
Xg, X7 with common 3-State enable 


PML is a trademark of Philips Semiconductors 


October 22, 1993 


PIN CONFIGURATION 


A Package 
(52-pin PLCC) 


DESCRIPTION 

The PLHS501 is a high-density Bipolar 
Programmable Macro Logic device. PML 
incorporates a programmable NAND 
structure. The NAND architecture is an 
efficient method for implementing any logic 
function. The SNAP software development 
system provides a user friendly environment 
for design entry. SNAP eliminates the need 
for a detailed understanding of the PLHS501 
architecture and makes it transparent to the 
user. PLHS501 is also supported on the 
Philips Semiconductors SNAP software 
development systems. 


The PLHS501 is ideal for a wide range of 
microprocessor support functions, including 
bus interface and control applications. 


The PLHS501 is also processed to industrial 
requirements for operation over an extended 
temperature range of -40°C to +85°C and 
supply voltage of 4.5V to 5.5V. 
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ARCHITECTURE 

The core of the PLHS501 is a programmable 
fuse array of 72 NAND gates. The output of 
each gate folds back upon itself and all other 
NAND gates. In this manner, full connectivity 
of all logic functions is achieved in the 
PLHS501. Any logic function can be created 
within the core of the device without wasting 
valuable I/O pins. Furthermore, a speed 
advantage is acquired by implementing 
multi-level logic within a fast internal core 
without incurring any delays from the I/O 
buffers. 


853-1207 11164 
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DESIGN DEVELOPMENT TOOLS 


SNAP 

The SNAP Software Development System 
provides the necessary tools for designing 
with PML. SNAP provides the following: 


@ Schematic entry netlist generation from 
third-party schematic design packages 
such as OrCAD/SDT III™ and 
FutureNet™, 


® Macro library for standard TTL functions 
and user defined functions 


® Boolean equation entry 
® State equation entry 
® Syntax and design entry checking 


® Simulator includes logic simulation, fault 
simulation and timing simulation. 


FutureNet is a trademark of FutureNet Corporation. 
OrCAD/SDT is a trademark of OrCAD, Inc. 


52-Pin Plastic Leaded Chip Carrier 
52-Pin Plastic Leaded Chip Carrier 


Commercial Temperature Range 
+5% Power Supply 


Industrial Temperature Range 
+10% Power Supply 


SNAP operates on an |BM® PC/XT, PC/AT, 
PS/2, or any compatible system with DOS 
2.1 or higher. The minimum system 
configuration for SNAP is 640K bytes of RAM 
and a hard disk. 


SNAP provides primitive PML function 
libraries for third-party schematic design 
packages. Custom macro function libraries 


can be defined in schematic or equation form. 


After the completion of a design, the software 
compiles the design for syntax and 
completeness. Complete simulation can be 
carried out using the different simulation tools 
available. 


The programming data is generated in 
JEDEC format. Using the Device 
Programmer Interface (DPI) module of SNAP, 


IBM is a registered trademark of International Business Machines Corporation. 


October 22, 1993 
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DESCRIPTION OPERATING CONDITIONS ORDER CODE DRAWING NUMBER 


PLHS501A 0397E 
PLHSSO1IA 0397E 


the JEDEC fusemap is sent from the host 
computer to the device programmer. 


DESIGN SECURITY 

The PLHS501 has a programmable security 
fuse that controls the access to the data 
programmed in the device. By using this 
programmable feature, proprietary designs 
implemented in the device cannot be copied 
or retrieved. 


PROGRAMMING/SOFTWARE 


SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 
Software Support) of this data handbook for 
additional information. 


Philips Semiconductors Programmable Logic Devices Product specification 


Programmable macro logic 


BML PLHS501/PLHS5011 


PLHS501 FUNCTIONAL BLOCK DIAGRAM 


24 
DEDICATED 
INPUTS 


16 
DEDICATED 
OUTPUTS 


8 
BIDIRECTIONAL 
VOS 
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FUNCTIONAL DIAGRAM 


) a >—_ Kos Xo, Xa, Xe 


) x4) |} X14, XX, X7 | 
1 
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DETAIL A 


a) 
Vay 


= 
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ABSOLUTE MAXIMUM RATINGS! 


Supply voltage 


Input voltage 


Output voltage 


[-sorageemperarerange | 8 


1. Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 


THERMAL RATINGS VIRGIN STATE 


TEMPERATURE A factory shipped virgin device contains all 
fusible links open, such that: 
150°C 1. All product terms are enabled. 


Allowable thermal rise 75°C 
ambient to junction 


. All bidirectional (B) pins are outputs. 


2 
3. All outputs are enabled. 
4 


. All outputs are Active-High except 
Bo — Bs (fusible 1/0) and ©, — 07 which 
are Active-Low. 
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DC ELECTRICAL CHARACTERISTICS 
Commercial= 0°C < Tam) S +75°C, 4.75V < Voc $ 5.25V 
Industrial =—40°C < Tanb S$ +85°C, 4.5V < Voc $< 5.5V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION | MIN. | TYP? | MAX | UNIT 


Input voltage? 


Vit Vec = MIN 0.8 V 
Vin Voc = MAX 2.0 V 
Vic ' Voc = MIN, lin =—-12mA -0.8 -—1.2 V 


Output voltage 
V 
V 
Ne Low —100 pA 
li High 40 pA 
Output current 


Vcc = MAX 
lo(OFF) Hi-Z state? Vout = 5.5V 
Vout = 0.45V 7 - 
los Short circuit? > © Vout = OV 
Se re 

Cin Input 8 pF 

Cz /O 15 pF 

All typical values are at Voc = 5V, Tamb = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one ata time. 

For Pins 15 — 19, 21 — 27 and 37 — 40, Vo, is measured with Pins 5 and 41 = 8,75V, Pin 43 = OV and Pins 42 and 44 = 4.5V. 

Vou iS measured with Pins 5 and 41 = 8.75V, Pins 42 and 43 = 4.5V and Pin 44 = OV. 
Duration of short circuit should not exceed 1 second. 
lcc is measured with all dedicated inputs at OV and bidirectional and output pins open. 
Measured at V7 = Vo, + 0.5V. 


ig ire 
For Pins 28 — 33 and 35 — 36, Vo, is measured under same conditions EXCEPT Pin 44 = OV. 
Leakage values are a combination of input and output leakage. 


Low2: 4 
High2: 5 


= 1 = 


OS Or Or 


TEST LOAD CIRCUITS VOLTAGE WAVEFORMS 


+3.0V—— — 


90% 
7 ; ~ 
_,| tr te = 
2.5ns 2.5ns 


OUTPUTS a 


10% 
2.5ns 2.5ns 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


Input Pulses 


NOTE: 
Cj and Co are to bypass Vcc to GND. 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


o CHS sases. 
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MACRO CELL SPECIFICATIONS! (SNAP Resource Summary Designations in Parantheses) 
Commercial: Tam = 0°C to +75°C, 4.75V < Voc < 5.25V, Cy = 30pF, Ro = 1000Q, R; = 4702 
Industrial: Tam = —40°C to +85°C, 4.5V < Voc < 5.5V, C, = 30pF, Ro = 10009, R, = 4702 


Input Buffer 
(DIN501 [Non-inverting], NIN501 [Inverting]) 


] Hl oes > 


SYMBOL UNIT 


“003 


PARAMETER LIMITS 
SYMBOL To NOTES 
(Output) 
teuL X 45 ; 7 
tepHL Y 25 : ; 


Input Pins: 1-7,9-14, 41 —45, 48 — 52. 
Bidirectional Pins: 15 — 18, 37 — 40. 
Maximum interna! fan-out: 16 p-terms on X or Y. 


NAND Output Buffer with 3-State Control 
(TOU501) 


Tri-Ctrl 


PARAMETER LIMITS 


To 


Output Pins: 24 — 27. 


Internal Foldback NAND 
(FBNAND) 


Input Output 


LIMITS | 
0 


P 
x 


From NOTES 
(Input) 
= ae With 0 p-terms load 


Maximum internal loading of 16 terms. 
Notes are on following page. 
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MACRO CELL SPECIFICATIONS! (Continued) (SNAP Resource Summary Designations in Parantheses) 
Commercial: Tamp = 0°C to +75°C, 4.75V < Vog < 5.25V, C, = 30PF, Ro = 10009, R, = 4700 
Industrial: Tamp = —40°C to +85°C, 4.5V < Voc < 5.5V, C, = 30pF, Re = 1000Q, R; = 470 


AND Output Buffer with 3-State Control 
(NOUS501) 


| PARAMETER ETER 
SYMBOL 
ae 
tPHL Output 
teLH Output 
Tri-Ctrl 
Tri-Ctrl 


NAND Output Buffer 
(OUTS501) 


| PARAMETER ER LIMITS 
SYMBOL —_PARAETER UNIT 
(Output) 
TPHL 8.5 14 17.5 
'PLH 8.5 14 16.0 


Bidirectional Pins: 37 — 40. 


Ex—OR Output Buffer 
(EXO501) 


Ex-OR Output Pins: 28 — 33. 


NOTES: 

1. Limits are guaranteed with internal feedback buffers simultaneously switching cumulative maximum of eight outputs. 

2. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vr = (Vo, + 0.5V) level with S; closed. 
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PLHS501 GATE AND SPEED ESTIMATE TABLE 


FUNCTION T ReRGALEH || TRDOAL Ie fae COMMENTS 


For 1 to 32 input variables 
For 1 to 32 input variables 
For 1 to 32 input variables 
For 1 to 32 input variables 


Decoders 


Inverted inputs available 
Inverted inputs available 
Inverted inputs available (24 chip outputs only) 


Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels, factored solution. 


Multiplexers 


Inverted inputs available 


Can address only 27 external inputs - more if internal 


Flip-Flops 


D-type Flip-Flop With asynchronous S-R 
T-type Flip-Flop With asynchronous S-R 
J-K-type Flip-Flop With asynchronous S-R 


Adders 


Barrel Shifters 


Latches 
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APPLICATIONS 


- BUS 
ARBITRATION 7 CONTROL 


E 


ADDRESS, DATA, 
CONTROL AND PARITY 


ARBITRATION 


POS 
BYTE 2 
DATA OUTPUT 


CHRESET 


Block Diagram of Basic POS Implementation in PLHS501 


NuBus is a trademark of Texas Instruments, Inc. 
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FEATURES 


@ Full connectivity 


@ Erasable version and one time 
programmable version available 


® Scan test 

® Power down mode 
© Power on reset 

® 100% testable 


@ SNAP development system 


— Supports third-party schematic entry 
formats 


— TTL Macro library 


— Versatile netlist format for design 
portability 


® Power dissipation (TTL) = 6830mW 
® Power dissipation (CMOS) = 525mW 


® Power dissipation (Power-Down mode) = 


52mW 
® Security fuse for copy protection 


@ Reprogrammable 


PROPAGATION DELAYS 
® Delay per internal NAND gate 
= 15ns (typ) 


® 50MHz flip-flop toggle rate 


APPLICATIONS 


® Low-end gate array replacement 

@ Instrumentation 

® Bus arbitration functions 

@ Wide multiplexers and decoders 

®@ Multiple independent state machines 


® General purpose logic integration and 
microprocessor support logic 


@ PAL® and glue logic replacement 


ORDERING INFORMATION 


NuBus is a trademark of Texas Instruments, Inc. 
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DESCRIPTION 

The Philips Semiconductors PML family of 
PLDs provides “instant gate array” 
capabilities for general purpose logic 
integration applications. The PML2552 is the 
first high density CMOS-PML product. 
Fabricated with the Philips Semiconductors 
high-performance EPROM process, it is an 
ideal way to reduce NRE costs, inventory 
problems and quality concerns. The 
PML2552 incorporates the PML folded NAND 
array architecture which provides 100% 
connectivity to eliminate routing restrictions. 
What distinguishes the PML2552 from the 
“classic” PLD architectures is its flexibility and 
the potent flip-flop building blocks. The device 
utilizes a folded NAND architecture, which 
enables the designer to implement multiple 
levels of logic on a single chip. The PML2552 


PIN CONFIGURATION 


Product specification 


PML2552 


eliminates the NRE costs, risks, and hard to 
use design tools associated with semicustom 
and full custom approaches. It allows the 
system designer to manage reliable 
functionality, in less time and space plus a 
faster time to market. The PML2552 is ideal 
in todays instrumentation, industrial control, 
EISA, NuBus™, bus interface and dense 
state machine applications in conjunction with 
the state-of-the-art CMOS processors. It is 
capable of replacing large amounts of TTL, 
SSI and MSI logic and literally allows the 
designer to build a system on the chip. 


The SNAP development software gives easy 
access to the density and flexibility of the 
PML2552 through a variety of design entry 
formats, including schematic, logic equations, 
and state equations in any combination. 


PML2552 


[——SCéESCRIPION————~S~S*«dt' SC WAX) ‘| _ORDERCODE | DRAWING NUMBER 
pn Lead Goraic Goruad Packags | sone | Puassasoxa | 1a7an | 


PAL is a registered trademark of Advanced Micro Devices, Inc. 
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FUNCTIONAL BLOCK DIAGRAM 


16 
INPUT 
D FLIP-FLOPS 


13 DEDICATED 
INPUTS 


16 OUTPUT 
D FLIP-FLOPS 


FOLDED 
NAND 
ARRAY 


P 
R 
Oo 
G 
R 
A 
M 
M 
A 
B 
iL. 
E 
I 

N 
T 
E 
R 
c 
1) 
N 
N 
E 
Cc 
T 


10 
JK FLIP-FLOPS 
WITH 
COMMON 
CLK 


10 
JK FLIP-FLOPS 
WITH 
DISTINCT 
CLKS 


Figure 1. 
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LOGIC DIAGRAM 


ate 


BFA(8-15y=> 


VCKB/CKC 


(SCAN CLOCK) 
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STRUCTURE 

® 112 possible foldback NAND gates: 
— 96 internal NAND 
— 16 from the I/O macros 


® 114 additional logic terms 


® 53 possible inputs (with programmable 
polarity) 
— 29 dedicated inputs 
— 24 bidirectional I/Os 


@ 24 bidirectional pins 
® 52 flip-flops 
@ 24 possible outputs with individual Output 


Enable control (8 with programmable 
polarity) 


® Multiple independent clocks 


® 20 Buried JK-type flip-flops with foldback 
(JKFFs): 
— 10 JKFFs with one shared preset signal 
and one shared clocked signal 
originating from the clock array. 


— 10 JKFFs with 10 independent clock 
signals originating from the clock array 
and 10 independent clear signals 


@ 258 inputs per NAND gate 


® Bypassable Input D-type flip-flop 
(DFFs)/Combinatorial Inputs: 
— 16 DFFs/combinatorial inputs 
— DFFs clocked in two groups of eight 


— DFFs not bypassed in unprogrammed 
state 


— Independent bypass fuse on each DFF 


® |nputs/bypassable D-type flip-flop 
outputs/foldback NAND gates: 


— 16 output DFFs/combinatorial 
inputs/outputs with individual Output 
Enable control 


— DFFs clocked in two groups of eight 


DFFs not bypassed in unprogrammed 
state 


— Independent bypass fuse on each DFF 


The DFF can be used as an internal DFF 
or an internal foldback NAND gate. 


® Combinatorial inputs: 
— 9 dedicated inputs to the NAND array 


— 3 inputs optional to NAND array and/or 
clock array 

— 1 input optional to NAND array and/or 
clock array, and/or clock of Input D 
Flip-Flops (Group B) 
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® Separate clock array: 


— Separate clock array for JKFFs clock 
inputs 

— 4 inputs to clock array originated from 
NAND array 

— 4inputs (with programmable polarity) 
directly from input pins 

— 10 inputs from Q outputs of JKFFs with 
clear 


® Dedicated clocks: 


— One dedicated clock for input DFFs 
(Group A) 
— Two dedicated clocks for output DFFs 


® Scan test feature: 


— Scan chain is implemented through the 
20 buried JKFFs and 16 output DFFs 


— Pins SCI, SCM, and CKE1 are used to 
operate the scan test 


® Power down mode 


— Dedicated pin (PD) freezes the circuit 
when brought to logic “1”. The circuit 
remains in the same state prior to the 
logic “O” to logic “1” transition of the “PD” 
pin. 

— When in the power down mode, the SCI 
pin acts as the 3-State pin for the 24 
outputs. 


@ Power on reset: 


— All flip-flops (16 input DFFs, 20 buried 
JKFFs, and 16 output DFFs) are reset to 
logic “O” after Voc power on. 


ARCHITECTURE 

The core of the PML2552 is a programmable 
NAND array of 96 NAND gates and 20 buried 
JKFFs. The output of each NAND gate folds 
back upon itself and all other NAND gates 
and flip-flops. The ‘Q' and ‘Q' output of each 
flip-flop also folds back in the same manner. 
Thus, total connectivity of all logic functions is 
achieved in the PML2552. Any logic function 
can be created within the core without 
wasting valuable I/O pins. Furthermore, a 
speed advantage is acquired by 
implementing multi-level logic within a fast 
internal core without incurring any delays 
from the I/O buffers. Figure 1 shows the 
functional block diagram of the PML2552. 


Macro Cells 

There are 16 bypassable DFFs on the input 
to the NAND array. These flip-flops are split 
in two banks of 8 (Bank A and Bank B). Each 
bank of flip-flops has a common clock. In the 
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unprogrammed state of the device the flip- 
flops are active. In order to bypass any DFF, 
its respective bypass fuse (BFAx) must be 
programmed. 


The 16 I/O pins (IO - 1045) and their 

respective D flip-flop macros can be used in 

any one of the following configurations: 

1. As combinatorial input(s). 
Each of the 16 3-State outputs can be 
individually disabled by the associated 
NAND term and the pin is used as an 
inverting or non-inverting input. 

2. As registered DFF outputs. 
These DFFs are split into two banks of 8, 
and each bank is clocked separately. The 
bypass fuse BFBy (see PML2552 Logic 
Diagram) is used to bypass any one of 
these DFFs. The flip-flops are all active in 
an unprogrammed device. 

3. As combinatorial outputs. 
By programming the bypass (BFBx) fuse 
of any one of the DFFs, the flip-flop(s) is 
bypassed. The |/O pin can then be used 
as a combinatorial output. 

4. As Internal foldback DFFs or foldback 
NAND gates. 
When the I/O pin is used as an input, the 
output macro can be used as an internal 
DFF or a foldback NAND term. If the 
bypass fuse is programmed, the macro 
will act as a foldback NAND term. 
Otherwise it will act as an internal DFF. 


The 8 bidirectional pins (BO-B7) can be used 
as either combinatorial inputs or outputs with 
programmable polarity. The Exclusive-OR 
polarity gates are non-inverting in the 
unprogrammed state. 


The NAND signal labeled ‘OD’ (Output 
Disable) shown on the PML2552 logic 
diagram is used for the Power Down mode 
operation. This signal disables the outputs 
when the device enters the Power Down 
mode and SCI is high. 


Clock Array 

The 20 buried JKFFs can be clocked through 
the ‘Clock Array’. The Clock Array consists of 
11 NAND terms. Ten of these terms are 
connected to the clock inputs of the Bank A 
flip-flops that can be clocked individually. One 
NAND gate is connected to Bank B flip-flops 
that have a common clock. There are 18 
inputs to the clock array. Four come directly 
from the input pins (with programmable 
polarity), 4 inputs are from 4 NAND gates 
connected directly to the folded NAND array. 
10 inputs are from the Q outputs of the 
JKFFs with clear. 
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SCAN TEST FEATURE 

With the rise in the ratio of devices on a chip 
to the number of I/O pins, Design For 
Testability is becoming an essential factor in 
logic design methodology. The PML2552 
incorporates a variable length scan test 
feature which permits access to the internal 
flip-flop nodes without requiring a separate 
external |/O pin for each node accessed. 
Figure 2 (Scan Mode Operation) shows how 
a scan chain is implemented through the 20 
buried JKFFs and 16 output DFFs. Two 
dedicated pins, SCI (Scan In) and SCM 
(Scan Mode), are used to operate the scan 
test. The SCM pin is used to put the circuit in 
scan mode. When this pin is brought to a 
logic “1”, the circuit enters the scan mode. 


SCAN MODE OPERATION 


VvOO 1/014 01 1/013 


In this mode it is possible to shift an arbitrary 
test pattern into the flip-flops. The SCI pin is 
used to input the pattern. The inverted 
outputs of flip-flops DO - D15 are observable 
on pins 1/00 - 1/015. 


The following are features and characteristics 

of the device when in Scan Mode: 

1. CKE1 is the common scan-clock for all 
the flip-flops when in scan mode. CKE1 
overrides all clock resources of normal 
operational mode. 


2. The Preset (PR) and Clear (CL) functions 
of the flip-flops are disabled. 


3. Scan overrides the bypass fuse of the 
flip-flops. This means that all the 


VO2 1/012 VO3 1/011 vO4 1/010 


(COMMON CLOCK (CKE1) FOR ALL FLIP-FLOPS WHEN IN SCAN MODE) 
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bypassable DFFs remain intact during 
scan operation even though they may 
have been bypassed during normal 
operation. 


. To observe the SCAN data, the output 


buffers must be enabled by the Output 
Enable (tri-ctrl) terms. 


. The outputs of the flip-flops are 


complemented on pins 1/O0 - 1/015. 


. All external inputs to flip-flops in the scan 


chain are disabled when the device enters 
the scan mode. 


. Blowing the security fuse does not disable 


the Scan Test feature. 


VOS WVO9 VvO6 WVO08 
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SCAN TEST STRATEGY 

The scan test pattern is design dependent 
and the user must make considerations for 
Design For Testability (DFT) during the initial 
stages of the design. A typical test sequence 
is to pre-load (i.e., enter a state); revert to 
normal operation (i.e., activate the next state 
transition); go back to scan mode to check 
the result. Note that the scan test feature 
available in the PML2552 is a variable length 
scan chain. The DATA entered at SCI 
(JKCL9) can be accessed anywhere between 
21 clock cycles (at I/O0) to 36 clock cycles 
(at /O15). For the strategy discussed here, 
DATA is read out after 36 clocks at 1/015 
(i.e., 015). The following operation sequence 
suggests a possible scan test method. 


A conservative test policy demands proof that 
the test facility is working. Thus, to prove 
Scan Chain holds and maintains correct data: 
a. Fill chain with several patterns (for 
example, all ones and all Zeros). 


b. Retrieve same patterns. 


The user is responsible for managing an 
external test memory buffer for applied 
vectors and results, as part of the test 
equipment. 


1. Parallel readout of 1/O0 - 1/015 is 
possible, but assume only 1/015 is used 
for this strategy. 


2. The first DATA entered at SCI (or JKCL9) 
will be the content of D15 after 36 clocks. 
This DATA will be inverted at the output 
pin 1/015 (i.e., SCOUT). The last DATA 
entering the scan chain will be the content 
of JKCL9. Thus, the scan chain 
resembles a first-in-first-out shift register 
with inverted outputs (I/O0 - 1/015). 


3. ‘Test Data’ is read in at the SCI input and 
read out of the SCOUT output pin (1/015). 
To enter ‘Test Data’: 


a. Put device in Scan Mode by applying 
the scan control signals (SCM=1). 


b. Clock device with scan clock (CKE1). 
c. Apply consecutive serial test vectors. 


d. Read back results as new ‘Test Data’ 
(States) are applied. The first 36 
outputs read at SCOUT (1/015) are 
random (‘old’) data (e.g., remnant of 
Step 1). 


e. Apply 36 ‘Test Data’ until the chain is 
full. 


4. To apply ‘Test Data’ (States), exit Scan 
Mode and apply on system clock together 
with any other possible test vectors. 
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As the results are being read and stored, 
new ‘Test Data’ can be entered via SCI. 


5. To read result of the state transition, 6. 
re-enter scan and apply the scan clock 
(CKE1). The result of the state transition 
in JKCL9 will be available at SCOUT 
(I/015) after 36 clocks. The results canbe 8. 
stored in a user defined test memory 
buffer in inverted logic representation. 


7. Repeat for all test patterns of interest. 


Figure 3 (FLOW_CHART) depicts a flow 
chart version of the test sequence. 


TEST INTEGRITY OF SCAN CHAIN. 
ASSUME 36-BIT SCAN CHAIN, 
IF LESS, SET COUNT = LENGTH -1. 


SET SCM=1 
SET COUNT = 35 
TEST DATA READY AT ‘SCI’ INPUT 
APPLY SCAN CLOCK 
READ OUT RESULT AND 
STORE IN TEST MEMORY! 
COUNT = COUNT -1 


SELECT NEXT TEST DATA 
AND APPLY TO SCI 


YES - TEST IS ARMED 


(CHAIN IS FULL, 
TEST STATE ENTERED) 


SET SCM=0 
(NORMAL OPERATING MODE) 


APPLY SYSTEM CLOCK AND 
ANY EXTERNAL TEST VECTORS 


RESULT READY FOR OUTPUT 
ON NEXT 36 CLOCK CYCLES 
AS NEW TEST VECTOR IS LOADED 


NOTE: 
1. The first 36 outputs are random (‘OLD’) data. 


Figure 3. FLOW_CHART 
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A Simple Example 


Assume the last three cells of the scan chain nies aaa ie aaa —_—e 


(JKCL9, JKCL8, JKCL7 in Figure 4 contain a 
3-bit up counter. Our test vector will be a 
single clock applied to the counter. Suppose 


we wish to first check the State 5(i.e., 101) to si] 1 a "hag x bee 


State 6 (i.e., 110) transition, then the State 3 

oh J Pca JKCL6 
(.e., 011) to State 4 (i.e., 100) transition. ies —" 7 
Assume the scan chain has been pre-verified 

AND APPLY COUNTER CLOCK 
; (SCM = 1) 

mode (set SCM=0) and apply a single clock 

to the counter. Now the value 170 (i.e., State 

6) resides in the last three cells. Re-enter 

scan mode (set SCM=1) and read back 36 sony 1 ay 3 px bee 
bits from position 1/015. Note that the outputs 


are complemented and are also read back in aRCLS ee anne 
the reverse order. Therefore the value for 
STATE 6 read at |/O15 will be 100 which is 


the complement of STATE 6 (110) read in the 


reverse order. 


Enter scan mode (set SCM=1)I apply 36 bits 
in sequence so that the value 101 (i.e., State 
5) resides in the last three cells. Exit scan 


As this is being read back, apply a new state, 014 <0 VO13=0 vO12=X 
serially equal to the value 077 (i.e., State 3). 
This state should be loaded on the last three 
clock cycles during which STATE 6 is being 
read back at 1/015. After STATE 3has been 
loaded (and STATE 6 read back), exit scan 
mode and apply a single clock which will 
invoke the STATE 3 (i.e., 011) to STATE 4 
(i.e., 100) transition. Re-enter scan mode and 
read back 36 bits at 1/015. The last three bits 
should contain 110 which is the complement 
of State 4 read in the reverse order. Figure 4 
(SCAN_EXAMPLE) shows a flow diagram of 
this example. Note that the States will always 
be complemented and read back in the 
reverse at |/O15. Other sequences may be 


applied in the same manner. 
A possible alternative to this example is to BND ARELY COUNTER GLOLE 

read back the output states at |/O0 (DO) 
instead of 1/015 (JKCL9). This will allow the 
outputs to be read back after 21 clock cycles ili 


rather than the 36 used in the above 


_ om ae oy i El 


JKCL9 mr  piciiad JKCL6 


APPLY 33 SCAN CLOCKS 


1/014 =1 1/013 =0 1012 =X 


D15 D14 D13 D12 
STATE 61N REVERSE ORDER (OUTPUTS COMPLEMENTED 


JKCL9 a" ae JKCL6 


D15 D14 D13 D1 
STATE 41N REVERSE ORDER (OUTPUTS COMPLEMENTED 


Figure 4. SCAN EXAMPLE 
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POWER DOWN 

The PML2552 offers the user controlled 
capability of putting the device to “sleep” 
where power dissipation is reduced to very 
low levels. When brought to a logic “1”, the 
PD pin freezes the circuit while reducing the 
power. All data is retained. This not only 
includes that of the registers, but also the 
state of each foldback gate. For those cases 
where it is desirable to 3-State the outputs, 
that can be accomplished by raising the SCI 
pin to a logic “1”. 


There is one point that should be noted while 
the circuit is in its power-down mode. The 
switching of any external clock pin will cause 
a disruption of the data. All clocks must be 
frozen before the circuit goes into power- 
down and stay that way unti! it powered back 
up. Clocks that are internally generated and 
feed the clock array are automatically 
stopped by the power-down circuitry. Any 
other input can toggle without any loss of 
data. 


NOTE: 

1. During power down, external clocks (CKA, 
CKB/CKC, CKE1, CKE2) should not 
change. 

2. SCM must be “O” as in normal operation 
mode. 

3. External clock recovery time (low-to-high) 
is 6Ons (high-speed) and 70ns (standard) 
after the device is powered up. 

4. Power Down Timing Diagrams on pages 
17 and 18 are for combinatorial operation 
only. 


ABSOLUTE MAXIMUM RATINGS! 


DEVELOPMENT TOOLS 

The PM25582 is supported by the Philips 
Semiconductors SNAP software development 
package and a multitude of hardware and 
software development tools. These include 
industry standard PLD programmers and 
CAD software. 


SNAP 


Features 
@ Schematic entry using DASH™ 4.0 or 
above or OrCAD™ SDT Ill 


@ State Equation Entry 
®@ Boolean Equation Entry 


® Allows design entry in any combination of 
above formats 
®@ Simulator 
— Logic and fault simulation 
— Timing model generation for device 
timing simulation 
— Synthetic logic analyzer format 


® Macro library for standard TTL and user 
defined functions 


® Device independent netlist generation 


@ JEDEC fuse map generated from netlist 


SNAP (Synthesis, Netlist, Analysis and 
Program) is a versatile development tool that 
speeds the design and testing of PML. SNAP 


NOTE: 


Tix | rputcurens | CS 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
Is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


DASH is a trademark of Data I/O Corporation. 
OrCAD is a trademark of OrCAD, Inc. 


IBM is a registered trademark of International Business Machines Corporation. 
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combines a user-friendly environment and 
powerful modules that make designing with 
PML simple. The SNAP environment gives 
the user the freedom to design independent 
of the device architecture. 


The flexibility in the variations of design entry 
methodologies allows design entry in the 
most appropriate terms. SNAP merges the 
inputs, regardless of the type, into a high- 
level netlist for simulation or compilation into 
a JEDEC fuse map. The JEDEC fuse map 
can then be transferred from the host 
computer to the device programer. 


SNAP'’s simulator uses a synthetic logic 
analyzer format to display and set the nodes 
of the design. The SNAP simulator provides 
complete timing information, setup and 
hold-time checking, plus toggle and fault 
grading analysis. 


SNAP operates on an IBM® PC/XT, PC/AT, 
PS/2, or any compatible system with DOS 
2.1 or higher. A minimum of 640K bytes of 
RAM is required together with a hard disk. 


DESIGN SECURITY 

The PML2552 has a programmable security 
fuse that controls the access to the data 
programmed in the device. By using this 
programmable feature, proprietary design 
implemented in the device cannot be copied 
or retrieved. 


THERMAL RATINGS 
TEMPERATURE 


Philips Semiconductors Programmable Logic Devices Product specification 


CMOS high density programmable macro logic PML2552 


DC ELECTRICAL CHARACTERISTICS 
O°C < Tamb < +75°C, 4.75V < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 


Input voltage 


iy Low Voc = MIN 0.3 0.8 V 
ira High Voc = MAX 2.0 Voc + 0.3 Vv 


Output voltage 


Vin = GND pA 
Vin = Voc pA 
Output current 


a ies =e 
Vour= GND ~10 yA 
lou Output High Voc = MIN, Vout = 2.4V -2 mA 
lot Output Low Vcc = MIN, Vout = 0.45V 5 mA 
I 
CC 


OO 


Voc supply current Voc = MAX, No load CMOS input? 60 100° mA 
f = 1MHz TTL input? 65 1206 mA 
Standby Vcc supply current Voc = MAX, No load CMOS input 1.0 
PD = Vin TTL input 15 10 mA 


Capacitance 


Cin Input 
Cg /O 
NOTES: 
All typical values are at Voc = 5V, Tanb = +25°C. 
CMOS inputs: Vii = GND, Vin = Voc. 
TTL inputs: Vi, = 0.45V, Viy = 2.4V. 
All voltage values are with respect to network ground terminal. 
Duration of short-circuit should not exceed one second. Test one at a time. 


Alcc vs. Frequency = 4mA/MHz max. 


Voc = 5V, Tamb = +25°C, Vin = 2.0V 
Voc = 5V, Tamb = +25°C, Vio = 2.0V 


Aaroan> 


TEST LOAD CIRCUITS VOLTAGE WAVEFORMS 


+3.0V— — — — 


OUTPUTS y= 


10% 
5ns = _,I 5ns 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V levei of 
inputs and outputs, unless otherwise specified. 


NOTES: 

C1 and Co are to bypass Vcc to GND. 

Test Load Ry = 7502, Ro = 442, Cy = 30pF (C;_ = SpF for Output Disable) 
0°C < Tamb < +75°C, 4.75V < Voc < 5.25V 


Input Pulses 
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MACRO CELL AC SPECIFICATIONS 
Min: 0°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V (SNAP Resource Summary Designations in Parentheses) 


Input Buffer 
(DIN552, NIN552, BDINS5S, BNIN552 
CDIN552, CNIN552, CKDIN552, CKNIN552, IDFF552*) 


PARAMETER LIMITS 
SYMBOL | PML2552-50 
en 


* When D aaa is bypassed. 
Input Pins: 8-14, 16, 17, 20, 22-24. 


Bidirectional Pins: 1-3, 5-7, 46-48, 50-54, 57-64, 67, 68. 
Bypassed D flip-flop at pins 26, 28-31, 33-35, 37, 39-45. 


Internal NAND of Main Array 
(FBNAND, NAND) 


x | = Y 
PARAMETER LIMITS LIMITS 
SYMBOL | PML2552-35 | PML2552-50 UNIT 
=e Mice 


18 25 
18 25 


Internal NAND of Clock Array 
(NAND) 


x | je Y 
PARAMETER LIMITS LIMITS 
SYMBOL PML2552-35 PML2552-50 UNIT 
oa ra [ve [wax [wn [TP [Wa 


= 7 10 7 
= F 10 7 
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MACRO CELL AC SPECIFICATIONS (Continued) 
Min: 0°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V (SNAP Resource Summary Designations in Parentheses) 


3-State Output with Programmable Polarity 
(TOUT552 + EXOR552) 


Tri—Ctri 
Programmable ——~7-” 0 20 40 60 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 


Connection BFCy 


& 


NEE 
PRT Tt Tt 


Atpp vs Output Capacitance 
Loading (Typical) 


PARAMETER 
SYMBOL 
(Output) 

tPHL 

tPLH 

toe’ Tri-Ctrl 

top* Tri-Ctrl 


Bidirectional Pins: 46-48, 50-54. 


1/O Output Buffer with 3-State Control, DFF Bypassed 
(TOUT552 + NAND) 


Tri—Ctrl 


A tppins) 
o = Ls) i) > nn o | 


0 20 40 60 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 


Atpp vs Output Capacitance 
Loading (Typical) 


|} PARAMETER LIMITS 
SYMBOL ea | PML2552-35 | 35 PML2552-50 
conn _| on a | 


teuL In 12 18 25 
teLH In 12 18 25 


I/O Pins: 1-3, 5—7, 57-64, 67, 68. 
Notes on page 481. 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 
D FLIP-FLOP 


Output DFF Used Internally 
(ODFF552) 


LIMITS 
SYMBOL PARAMETER PML2552-50 


Clock HIGH 
Clock LOW 


| PARAMETER po UIMITS 

SYMBOL ——— UNIT 
a = retest = 
est fos fe : 

tpHL CKE T 20 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 
D FLIP-FLOP (Continued) 


Input and Output 
(IDFF552 & ODFF552) 


LIMITS 
SYMBOL -35 PML2552-50 


fcokA, CKB, CKC 


A tppins) 


tw ckA, ckB, ckc High | 10 | 


tsetup I/DA, I/DB 
tuop VDA, /DB | 5 | 
0 20 40 60 80 100 120 140 160 180 200 
Pfs OUTPUT CAPACITANCE LOADING (pF) 
Loading (Typical 
| twoxelow | 10 ee 
| tro 


PARAMETER LIMITS 


—_ aa 
teLy CKA, CKB/CKC T 
tpHL CKA, CKB/CKC T 
teLy CKE T 20 
=~ CKE T 25 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 
JK FLIP-FLOPS 


(JKPR552) (JKCL552) 


INPUTS OUTPUTS INPUTS OUTPUTS 


SYMBOL PARAMETER PML2552-50 UNIT 


5 [we 
Co 
—[ 
re 
wrtow | oK2dontow SC | | dt | dT 
seweiK | WiKeoupineocko@ ip |_| || | |» 
Pook | WiKhosinew oxic +e} | fe] | |» 
PwPAtow | Preettowpeid ———SS—SC~—~s | | Sd | dT 
Pwettow | Otartowowiea SSCs | | (dT | dT dT 


PARAMETER 
SYMBOL From 

(Input) 
tPLH CK1,2 
tPHL CK1,2 
tPLH PR 
teHL PR 
tPLH CL 
tPHL CL 
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AC ELECTRICAL CHARACTERISTICS 
0°C < Tamb S$ +75°C, 4.75V < Voc < 5.25V, Vpp = Voc, 
R,; = 750Q, Ro = 442Q, C, = 5pF for Output Disable) (See Test Load Circuit Diagram) 


LIMITS 


SYMBOL PARAMETER PML2552-35 PML2552-50 UNIT 


Scan mode operation’ 


Power down, power up? 


ok 
on 


nn 
o 


Input (I, bypassed I/DA, I/DB, |/O, B) setup time before power down 


(o) 
Ww 
on 


2 Input hold time 


-—_ 
“NJ 
oO 


3 Power Up recovery time 
Output hold time 


Input setup time before Power Up 


on 
io) 


SCI to Output Enable time? 


oy 


E 


nn 
(o) 


SCI to Output Disable time? 


Power Down setup time 


io) 
ne) 
ol 


Power Up to Output valid 70 


~N 


Power-on reset 


_ 
nn 


tpprRi Power-on reset output register (Q = 0) to output (I/O) delay 


t Power-on reset input register (Q = 0), buried JK Flip-Flop (Q = 0) 
PPR2 to output (B, bypassed I/O) delay 


NOTES: 

1. SCM recovery time is 50ns after SCM operation. 50ns after SCM operation, normal operations can be resumed. 

2. Timings are measured without foldbacks. 

3. Transition is measured at steady state High level (-SOOmV) or steady state Low level (+500mV) on the output from 1.5V level on the input 
with specified test load (Rj = 750Q, Ro = 442Q, C, = 5pF). This parameter is sampled and not 100% tested. 

4. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vy = (Vo, + 0.5V) level with S, closed. 
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TIMING DIAGRAMS 


1, BYPASSED I/DA, I/DB, I/O, B 


ee | - 
VOH 
IMPEDANCE 
| t6 = oe 


+3V 
SCI # 1.5V \ 1.5V 
OV 


Power Down, Power Up 
Input (old) Ready Before Power Up 
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TIMING DIAGRAMS (Continued) 


1, BYPASSED VDA, I/DB, 1/0, B 


Power Down, Power Up 
Input (new) Ready After Power Up 


i, BYPASSED I/DA, I/DB, 1/0, B fiw sav eee fi a 


—s 


1.5V 


ae 
Kl Pepe ke XK? 
deport key 


1.5V 1.5V 


Power Down, Power Up 
input (new) Ready Before Power Up 


Power-On Reset 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


08 - 1/015 
1/00 - 1/07 


/CKB/CKC 


CK2 CKi1 
4 > 
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ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 

The erasure characteristics of the PML2552 
device is such that erasure begins to occur 
upon exposure to light with wavelengths 
shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and 
certain types of fluorescent lamps have 


wavelengths in the 3000 — 4000A range. Data 


shows that constant exposure to room level 
fluorescent lighting could erase a typical 
PML25582 in approximately three years, while 
it would take approximately one week to 
cause erasure when exposed to direct 
sunlight. If the PML2552 is to be exposed to 
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these types of lighting conditions for 
extended periods of time, opaque labels 
should be placed over the window to prevent 
unintentional erasure. 


The recommended erasure procedure for the 
PML2582 is exposure to shortwave ultraviolet 
light which has a wavelength of 2537 
Angstroms (A). The integrated dose (i.e., UV 
intensity x exposure time) for erasure should 
be a minimum of 15Wsec/cm?. The erasure 
time with this dosage is approximately 30 to 
35 minutes using an ultraviolet lamp with a 
12,000.W/cm? power rating. The device 
should be placed within one inch of the lamp 
tubes during erasure. The maximum 
integrated dose a CMOS EPLD can be 
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exposed to without damage is 7258Wsec/cm2 
(1 week @ 12,000uW/cm?). Exposure of 
these CMOS EPLDs to high intensity UV light 
for longer periods may cause permanent 
damage. 


The maximum number of guaranteed 
erase/write cycles is 50. Data retention 
exceeds 20 years. 


PROGRAMMING/SOFTWARE 
SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 
Software Support) of this data handbook for 
additional information. 
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FEATURES 


® Wide gates for efficient product term use 


® Multiple |/O pins for 16-32 bit buses or up 
to 32-bit data flow 


® Multiple I/O pins for multiple-port data 
handling 


® Multiple clocks for independent state 
machines and storage banks 


® 100% connectible, no place and route 
restrictions 


@ Erasable and one time programmable 
versions available 


® Scan test 


® Low CMOS power dissipation = 
525mW max. 


® Power down mode (52mW max.) 
® Power on reset 
® Security fuse for copy protection 


® Supported by advanced SNAP and SLICE 
development systems 


PERFORMANCE 


® 35ns max. pin-to-pin for 32-bit decoders 


® 40ns max. internal, 55ns max. pin-to-pin for 
16-bit multiplexers 


® 33MHz max. throughput for 16-bit latches 
® 18—50MHz max. for 10-bit counters 

® 31MHz max. for 10-bit shift registers 

® 15ns (typ.) delay for internal NANDs 

®@ 50MHz max. flip-flop toggle rate 


APPLICATIONS 


® Bus interface and control (microchannel, 
VME, NuBus, etc.) 


® Microcomputer peripheral interface and 
control (printers, SCSI, hard disk drives, 
etc.) 


ORDERING INFORMATION 


DESCRIPTION 
84-pin Plastic Leaded Chip Carrier 


84-pin Plastic Leaded Chip Carrier 


NuBus is a trademark of Texas Instruments, Inc. 
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84-pin “J” Leaded Ceramic Cerquad Package 


84-pin “J” Leaded Ceramic Cerquad Package 


® Multiport memory control and arbitration 
(cache, DRAM, VRAM, etc.) 


@ Intelligent instrumentation (data acquisition, 
testers, medical equipment, etc.) 


@ |ndustrial control (process control, motor 
control, engine control, etc.) 


® Communication network control (LAN, 
Ethernet, T1, TDMA, etc.) 


® General purpose logic integration 


® Laptops, pocket computers, and handheld 
instruments 


®@ Low-end gate array replacement for quick 
prototyping 


SNAP DEVELOPMENT SYSTEM 


® Supports third-party schematic entry 
formats 


® Versatile EDIF-compatible netlist format for 
design portability 


®@ TTL macro library for automatic mapping 
® Logic, timing, and fault simulation 

®@ Automatic test vector generator 

®@ Espresso logic minimizer 


® Boolean equation extractor from JEDEC 
fusemap 


DESCRIPTION 

The Philips Semiconductors family of 
Programmable Macro Logic is optimized for 
handling wide buses, wide datapaths, and 
multiple-port applications with the highest 
throughputs among high density PLDs and 
FPGAs. The PML2852 now expands Philips 
Semiconductors CMOS PML product offering 
into the 32-bit arena. Fabricated with a 
high-performance EPROM process, the 
PML2882 is ideal in today's bus interface 
control, microprocessor peripheral control, 
memory interface, communications, 
instrumentation, and industrial control. It is 
capable of replacing large amounts of TTL 
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SSI and MSI logic, and literally integrates a 
complete custom microcontroller. 


The PML2852 incorporates the folded NAND 
array architecture, which provides 100% 
connectivity to eliminate the routing 
restrictions associated with other high density 
PLD/FPGA architectures. The array of 
wide-input NAND gates enables the designer 
to implement any wide-gate logic function, 
from decoders to multiplexers, with no more 
than two gate-level delays. It also allows 
implementation of multiple levels of logic 
within the chip, without wasting I/O pins. Its 
flexible and potent flip-flop building blocks 
provide for high throughput data storage, high 
speed state machines, and fast counters. 


The PML2852 also incorporates two unique 
features: scan test and power down. With 
user-controlled scan test, the PML2852 
significantly reduces system functional test 
time by providing access to all of its internal 
registers. In the user-controlled power down 
mode, the PML2852 power dissipation is 
reduced to a mere 52mW, making it ideal for 
laptop or pocket computers and handheld 
instruments. 


Thanks to its high density and its flexible 
architecture, the PML2852 provides instant 
gate array capabilities for all general purpose 
logic integration. As such, the PML2852 
eliminates the NRE costs, risks, inventory 
problems, and hard to use design tools 
associated with semicustom and full custom 
approaches. It allows the designer to quickly 
bring concepts to silicon for faster learning 
cycles and a much shorter time to market. 
Functional prototypes are available within 
minutes. 


The SNAP development software is designed 
to fully exploit the flexibility and density of the 
PML2852. It accepts a variety of design entry 
formats, including schematic, logic equations, 
and state equations in any combination for 
maximum flexibility. Its powerful features, but 
ease of use, allows literally push-button 
operation. 


Together, the PML2852 and SNAP constitute 
the designer's personal desktop silicon 
foundry. 
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PIN CONFIGURATION FUNCTIONAL BLOCK DIAGRAM 


A and KA Packages 


16 
INPUT 
D FLIP-FLOPS 
& 
13 DEDICATED 
INPUTS 


Function i Function Pin Function ° 
VvO5 PD 57 O08 
04 9 VDB7 58 B7 FOLDED 
v03 V0B6 59 BG Meso 
VCC1 V/DB5 B5 
VvO2 VCC5 
O01 V/DB4 B4 
eye) VDB3 
O3 V/DB2 
02 V/DB1 
DBO 
VDA7 10 
vss2 JK FLIP-FLOPS 
VDA6 
V/DA5 
/DA4 
CKA 
V/DA3 
VvCcc3 
V/DA2 


VDA1 16 DEDICATED 
VDAO - OUTPUTS 


O15 JK FLIP-FLOPS 
O14 WITH 


VCKD3 013 ee 
vCC2 012 

VCKD2 O11 

VCKD1 010 

VCKB/CKC O93 


16 OUTPUT 
D FLIP-FLOPS 


meOoOresrvgHg0ovv 


1 
2 
3 
4 
5 
6 
7 
8 
9 


ANQOMZZOOVMAZ— 


Figure 1. 
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LOGIC DIAGRAM 


012-015 


/DAO+/DA7 
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STRUCTURE 

® 112 possible foldback NAND gates: 
— 96 internal NAND 
- 16 from the I/O macros 


®@ 114 additional logic terms 


@ 53 possible inputs (with programmable 
polarity) 
— 29 dedicated inputs 
— 24 bidirectional I/Os 


@ 24 bidirectional pins 
® 16 dedicated output pins 
@ 52 flip-flops 


® 40 possible outputs with Output Enable 
control (8 with programmable polarity) 


® Multiple independent clocks 


@ 20 Buried JK-type flip-flops with foldback 
(JKFFs): 
— 10 JKFFs with one shared preset signal 
and one shared clocked signal 
originating from the clock array. 


— 10 JKFFs with 10 independent clock 
signals originating from the clock array 
and 10 independent clear signals 


@ 258 inputs per NAND gate 


© Bypassable Input D-type flip-flop 
(DFFs)/Combinatorial Inputs: 
— 16 DFFs/combinatorial inputs 
— DFFs clocked in two groups of eight 


— DFFs not bypassed in unprogrammed 
state 


— Independent bypass fuse on each DFF 


@ |nputs/bypassable D-type flip-flop 
outputs/foldback NAND gates: 

— 16 output DFFs/combinatorial 
inputs/outputs with individual Output 
Enable control 

— DFFs clocked in two groups of eight 


— DFFs not bypassed in unprogrammed 
state 


— Independent bypass fuse on each DFF 

— The DFF can be used as an internal DFF 
or an internal foldback NAND gate. 

® Combinatorial inputs: 

— 9 dedicated inputs to the NAND array 

— 3 inputs optional to NAND array and/or 
clock array 

— 1 input optional to NAND array and/or 
clock array, and/or clock of Input D 
Flip-Flops (Group B) 
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® Separate clock array: 


— Separate clock array for JKFFs clock 
inputs 

— 4 inputs to clock array originated from 
NAND array 

— 4inputs (with programmable polarity) 
directly from input pins 

— 10 inputs from Q outputs of JKFFs with 
clear 


® Dedicated clocks: 
— One dedicated clock for input DFFs 
(Group A) 
— Two dedicated clocks for output DFFs 
(Group E) 


® Scan test feature: 


— Scan chain is implemented through the 
20 buried JKFFs and 16 output DFFs 


— Pins SCI, SCM, and CKE1 are used to 
operate the scan test 


® Power down mode 


— Dedicated pin (PD) freezes the circuit 
when brought to logic “1”. The circuit 
remains in the same state prior to the 
logic “O” to logic “1” transition of the “PD” 
pin. 

— When in the power down mode, the SCI 
pin acts as the 3-State pin for the 40 
outputs. 


® Power on reset: 


— All flip-flops (16 input DFFs, 20 buried 
JKFFs, and 16 output DFFs) are reset to 
logic “O” after Vcc power on. 


ARCHITECTURE 

The core of the PML28582 is a programmable 
NAND array of 96 NAND gates and 20 buried 
JKFFs. The output of each NAND gate folds 
back upon itself and all other NAND gates 
and flip-flops. The ‘Q' and ‘Q’ output of each 
flip-flop also folds back in the same manner. 
Thus, total connectivity of all logic functions is 
achieved in the PML2852. Any logic function 
can be created within the core without 
wasting valuable |/O pins. Furthermore, a 
speed advantage is acquired by 
implementing multi-level logic within a fast 
internal core without incurring any delays 
from the I/O buffers. Figure 1 shows the 
functional block diagram of the PML2852. 


Macro Cells 

There are 16 bypassable DFFs on the input 
to the NAND array. These flip-flops are split 
in two banks of 8 (Bank A and Bank B). Each 
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bank of flip-flops has a common clock. In the 
unprogrammed state of the device the flip- 
flops are active. In order to bypass any DFF, 
its respective bypass fuse (BFAx) must be 
programmed. 


The 16 I/O pins (IO - 1045) and their 

respective D flip-flop macros can be used in 

any one of the following configurations: 

1. As combinatorial input(s): 
Each of the 16 3-State outputs can be 
individually disabled by the associated 
NAND term and the pin is used as an 
inverting or non-inverting input. 

2. As registered DFF outputs: 
These DFFs are split into two banks of 8, 
and each bank is clocked separately. The 
bypass fuse BFBy (see PML2552 Logic 
Diagram) is used to bypass any one of 
these DFFs. The flip-flops are all active in 
an unprogrammed device. 

3. As combinatorial outputs: 
By programming the bypass (BFBy) fuse 
of any one of the DFFs, the flip-flop(s) is 
bypassed. The I/O pin can then be used 
as a combinatorial output. 

4. As Internal foldback DFFs or foldback 
NAND gates: 
When the I/O pin is used as an input, the 
output macro can be used as a buried 
DFF or a foldback NAND term. If the 
bypass fuse is programmed, the macro 
will act as a foldback NAND term. 
Otherwise it will act as a buried DFF. 


The 8 bidirectional pins (BO-B7) can be used 
as either combinatorial inputs or outputs with 
programmable polarity. The Exclusive-OR 
polarity gates are non-inverting in the 
unprogrammed state. 


The NAND signal labeled ‘OD’ (Output 
Disable) shown on the PML2882 logic 
diagram is used for the Power Down mode 
operation. This signal disables the outputs 
when the device enters the Power Down 
mode and SCI is high. 


Clock Array 

The 20 buried JKFFs are clocked through the 
‘Clock Array’. The Clock Array consists of 11 
NAND terms. Ten of these terms are 
connected to the clock inputs of the Bank A 
flip-flops that can be clocked individually. One 
NAND gate is connected to Bank B flip-flops 
that have a common clock. There are 18 
inputs to the clock array. Four come directly 
from the input pins (with programmable 
polarity), 4 inputs are from 4 NAND gates 
connected directly to the folded NAND array. 
10 inputs are from the Q outputs of the 
JKFFs with clear. 
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SCAN TEST FEATURE 

With the rise in the ratio of devices on a chip 
to the number of I/O pins, Design For 
Testability is becoming an essential factor in 
logic design methodology. The PML2852 
incorporates a variable length scan test 
feature which permits access to the internal 
flip-flop nodes without requiring a separate 
external I/O pin for each node accessed. 
Figure 2 (Scan Mode Operation) shows how 
a scan chain is implemented through the 20 
buried JKFFs and 16 output DFFs. Two 
dedicated pins, SCI (Scan In) and SCM 
(Scan Mode), are used to operate the scan 
test. The SCM pin is used to put the circuit in 
scan mode. When this pin is brought to a 
logic “1”, the circuit enters the scan mode. 


SCAN MODE OPERATION 


OO 1/014 O01 1/013 


In this mode it is possible to shift an arbitrary 
test pattern into the flip-flops. The SCI pin is 
used to input the pattern. The inverted 
outputs of flip-flops DO - D15 are observable 
on pins 1/00 - 1/015. 


The following are features and characteristics 

of the device when in Scan Mode: 

1. CKE1 is the common scan-clock for all 
the flip-flops when in scan mode. CKE1 
overrides all clock resources of normal 
operational mode. 


2. The Preset (PR) and Clear (CL) functions 
of the flip-flops are disabled. 


3. Scan overrides the bypass fuse of the 
flip-flops. This means that all the 


VO2 1/012 O03 W011 VO4 1/010 


(COMMON CLOCK (CKE1) FOR ALL FLIP-FLOPS WHEN IN SCAN MODE) 
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bypassable DFFs remain intact during 
scan operation even though they may 
have been bypassed during normal 
operation. 


. To observe the SCAN data, the output 


buffers must be enabled by the Output 
Enable (tri-ctrl) terms. 


. The outputs of the flip-flops are 


complemented on pins |/O0 - I/O015. 


. All external inputs to flip-flops in the scan 


chain are disabled when the device enters 
the scan mode. 


. Blowing the security fuse does not disable 


the Scan Test feature. 
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SCAN TEST STRATEGY 5. To read result of the state transition, 6. As the results are being read and stored, 
The scan test pattern is design dependent re-enter scan and apply the scan clock new ‘Test Data’ can be entered via SCI. 
and the user must make considerations for (CKE1). The result of the state transition ae a Pe 

: ; . : patterns of interest. 
Design For Testability (DFT) during the initial in JKCL9 will be available at SCOUT 7 . 
stages of the design. A typical test sequence (1/015) after 36 clocks. The results canbe 8. Figure 3 (FLOW_CHART) depicts a flow 
is to pre-load (i.e., enter a state); revert to stored in a user defined test memory chart version of the test sequence. 
normal operation (i.e., activate the next state buffer in inverted logic representation. 


transition); go back to scan mode to check 
the result. Note that the scan test feature 


available in the PML2852 is a variable length 


scan chain. The DATA entered at SCI TEST INTEGRITY OF SCAN CHAIN. 
ASSUME 36-BIT SCAN CHAIN, 
IF LESS, SET COUNT = LENGTH -1. 


(JKCL9) can be accessed anywhere between 
21 clock cycles (at I/O0) to 36 clock cycles 
(at 1/015). For the strategy discussed here, 


A conservative test policy demands proof that 
the test facility is working. Thus, to prove 
Scan Chain holds and maintains correct data: 


DATA is read out after 36 clocks at 1/015 
‘ : SET SCM=1 
(i.e., D15). The following operation sequence SET COUNT = 35 
suggests a possible scan test method. 
a. Fill chain with several patterns (for 
example, all ones and all zeros). 


The user is responsible for managing an 


external test memory buffer for applied 
READ OUT RESULT AND 
vectors and results, as part of the test 
equipment. 
1. Parallel readout of 1/00 - 1/015 is 


possible, but assume only 1/015 is used 
for this strategy. COUNT = COUNT -1 


2. The first DATA entered at SCI (or JKCL9) 
will be the content of D15 after 36 clocks. 
This DATA will be inverted at the output 
pin 1/015 (i.e., SCOUT). The last DATA 


: isch SELECT NEXT TEST DATA 
entering the scan chain will be the content AND APPLY To SCI 
of JKCL9. Thus, the scan chain 
resembles a first-in-first-out shift register 
with inverted outputs (I/O0 - 1/015). YES ~ TEST IS ARMED 


(CHAIN IS FULL, 
3. ‘Test Data’ is read in at the SCI input and TEST STATE ENTERED) 


read out of the SCOUT output pin (1/015). SET SCM =0 
To enter ‘Test Data’: (NORMAL OPERATING MODE) 


a. Put device in Scan Mode by applying 
the scan control signals (GSCM=1). 


APPLY SYSTEM CLOCK AND 
b. Clock device with scan clock (CKE1). ANY EXTERNAL TEST VECTORS 


c. Apply consecutive serial test vectors. 


d. Read back results as new ‘Test Data’ RESULT HEADY bis, Frodo 
(States) are applied. The first 36 AS NEW TEST VECTOR IS LOADED 


outputs read at SCOUT (1/015) are 
random (‘old’) data (e.g., remnant of 


Step 1). 
e. Apply 36 ‘Test Data’ until the chain is NOTE: 
full. 1. The first 36 outputs are random (‘OLD’) data. 


4. To apply ‘Test Data’ (States), exit Scan 


Mode and apply on system clock together Figure 3. FLOW CHART 
with any other possible test vectors. - 
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A Simple Example 

Assume the last three cells of the scan chain 
(JKCL9, JKCL8, JKCL7 in Figure 4 contain a 
3-bit up counter. Our test vector will be a 
single clock applied to the counter. Suppose 
we wish to first check the State 5(i.e., 101) to 
State 6 (i.e., 110) transition, then the State 3 
(i.e., 011) to State 4 (i.e., 100) transition. 
Assume the scan chain has been pre-verified 
and we may begin. 


Enter scan mode (set SCM=1)I apply 36 bits 
in sequence so that the value 107 (i.e., State 
5) resides in the last three cells. Exit scan 
mode (set SCM=0) and apply a single clock 
to the counter. Now the value 1170 (i.e., State 
6) resides in the last three cells. Re-enter 
scan mode (set SCM=1) and read back 36 
bits from position 1/015. Note that the outputs 
are complemented and are also read back in 
the reverse order. Therefore the value for 
STATE 6 read at 1/015 will be 100 which is 
the complement of STATE 6 (110) read in the 
reverse order. 


As this is being read back, apply a new state, 
serially equal to the value 0717 (i.e., State 3). 
This state should be loaded on the last three 
clock cycles during which STATE 6 is being 
read back at 1/015. After STATE 3 has been 
loaded (and STATE 6 read back), exit scan 
mode and apply a single clock which will 
invoke the STATE 3 (i.e., 011) to STATE 4 
(i.e., 100) transition. Re-enter scan mode and 
read back 36 bits at 1/015. The last three bits 
should contain 110 which is the complement 
of State 4 read in the reverse order. 4 
(SCAN_EXAMPLE) shows a flow diagram of 
this example. Note that the States will always 
be complemented and read back in the 
reverse at |/O15. Other sequences may be 
applied in the same manner. 


A possible alternative to this example is to 
read back the output states at I/O0 (DO) 
instead of 1/015 (JKCL9). This will allow the 
outputs to be read back after 21 clock cycles 
rather than the 36 used in the above 
example. 
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LOAD STATE 51N SCAN CHAIN 
SCM=1 


JKCL9 JKCL8 JKCL7 JKCLE6 
STATE 5 


EXIT SCAN MODE (SCM = 0) 
AND APPLY COUNTER CLOCK 


ENTER SCAN MODE 
(SCM = 1) 


JKCL9 JKCL8 JKCL7 JKCL6 
STATE 6 


APPLY 33 SCAN CLOCKS 


1/014 =0 013 =0 012 =X 


D15 D14 D13 D12 
STATE 61N REVERSE ORDER (OUTPUTS COMPLEMENTED 


STATE 3 (011) WILL BE 
LOADED ON NEXT 3 CLOCKS 


JKCL9 JKCL8 JKCL7 JKCL6 
STATE 3 


EXIT SCAN MODE (SCM = 0) 
AND APPLY COUNTER CLOCK 


ENTER SCAN MODE 
(SCM = 1) 


JKCL9 JKCL8 JKCL7 JKCLE6 
STATE 4 


APPLY 33 SCAN CLOCKS 


1/014 =1 1/013 =0 012 =X 


D15 D14 D13 D12 
STATE 41IN REVERSE ORDER (OUTPUTS COMPLEMENTED 


Figure 4. SCAN EXAMPLE 
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POWER DOWN 

The PML2852 offers the user controlled 
capability of putting the device to “sleep” 
where power dissipation is reduced to very 
low levels. When brought to a logic “1”, the 
PD pin freezes the circuit while reducing the 
power. All data is retained. This not only 
includes that of the registers, but also the 
state of each foldback gate. For those cases 
where it is desirable to 3-State the outputs, 
that can be accomplished by raising the SCI 
pin to a logic “1”. 


There is one point that should be noted while 
the circuit is in its power-down mode. The 
switching of any external clock pin will cause 
a disruption of the data. All clocks must be 
frozen before the circuit goes into power- 
down and stay that way until it powered back 
up. Clocks that are internally generated and 
feed the clock array are automatically 
stopped by the power-down circuitry. Any 
other input can toggle without any loss of 
data. 


NOTE: 

1. During power down, external clocks (CKA, 
CKB/CKC, CKE1, CKE2) should not 
change. 

SCM must be “O” as in normal operation 
mode. 

External clock recovery time (low-to-high) 
is 6Ons (high-speed) and 70ns (standard) 
after the device is powered up. 

Power Down Timing Diagrams on pages 
502 and 503 are for combinatorial 
operation only. 
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DEVELOPMENT TOOLS 

The PM2882 is supported by the Philips 
Semiconductors SNAP software development 
package and a multitude of hardware and 
software development tools. These include 
industry standard PLD programmers and 
CAD software. 


SNAP 


Features 
® Schematic entry using DASH™ 4.0 or 
above or OrCAD™ SDT Ill 


® State Equation Entry 
® Boolean Equation Entry 


® Allows design entry in any combination of 
above formats 
® Simulator 
— Logic and fault simulation 
— Timing model generation for device 
timing simulation 
— Synthetic logic analyzer format 


® Macro library for standard TTL and user 
defined functions 


® Device independent netlist generation 


@ JEDEC fuse map generated from netlist 


SNAP (Synthesis, Netlist, Analysis and 
Program) is a versatile development tool that 
speeds the design and testing of PML. SNAP 


Vv 
Vv 
V 
m 
m 
0 


Dc 
pc 
Dc 
A 
A 
C 
°C 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


DASH is a trademark of Data /O Corporation. 
OrCAD is a trademark of OrCAD, Inc. 


IBM is a registered trademark of International Business Machines Corporation. 
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combines a user-friendly environment and 
powerful modules that make designing with 
PML simple. The SNAP environment gives 
the user the freedom to design independent 
of the device architecture. 


The flexibility in the variations of design entry 
methodologies allows design entry in the 
most appropriate terms. SNAP merges the 
inputs, regardless of the type, into a high- 
level netlist for simulation or compilation into 
a JEDEC fuse map. The JEDEC fuse map 
can then be transferred from the host 
computer to the device programer. 


SNAP'’s simulator uses a synthetic logic 
analyzer format to display and set the nodes 
of the design. The SNAP simulator provides 
complete timing information, setup and 
hold-time checking, plus toggle and fault 
grading analysis. 


SNAP operates on an IBM® PC/XT, PC/AT, 
PS/2, or any compatible system with DOS 
2.1 or higher. A minimum of 640K bytes of 
RAM is required together with a hard disk. 


DESIGN SECURITY 

The PML2852 has a programmable security 
fuse that controls the access to the data 
programmed in the device. By using this 
programmable feature, proprietary design 
implemented in the device cannot be copied 
or retrieved. 


THERMAL RATINGS 
TEMPERATURE 
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DC ELECTRICAL CHARACTERISTICS 
0°C < Tamb $ +75°C, 4.75V < Veg < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | MIN. | TyPt | MAX | UNIT 


Input voltage 


Vin High = 2.0 Voc + 0.3 V 
Output voltage 
a a (CO 
a OO 


Input current 


lip Low Vin = GND pA 
IH High Vin = Voc pA 


Output current 
lo(OFF) Hi-Z state Vout = Voc 10 
Vout = GND ~10 
Output High Voc = MIN, Vout = 2.4V 
i. ae Low Vec = MIN, Vout = 0.45V 


Voc supply current | Voc = MAX, No load | CMOS input? 
f = 1MHz TTL input? 

Standby Vcc supply current Voc = MAX, No load CMOS input 
PD = Viy TTL input 


Voc = 5V, Tamb = +25°C, Vin = 2.0V 
Voc = 5V, Tamb = +25°C, Vio = 2.0V 


ieee 
All typical values are at Voc = 5V, Tan = +25°C. 
: CMOS inputs: Vi. = GND, Viy = Voc. 
3. TTL inputs: Vj, = 0.45V, Vin = 2.4V. 
4. All voltage values are with respect to network ground terminal. 
5. Duration of short-circuit should not exceed one second. Test one at a time. 
6. Aloo vs. Frequency = 4mA/MHz max. 


TEST LOAD CIRCUITS VOLTAGE WAVEFORMS 


OUTPUTS 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


NOTES: 
C and Co are to bypass Vcc to GND. 
Test Load Ry = 750Q, Ro = 442, Cy = 30pF (C,_ = 5pF for Output Disable) 


0°C < Tamb < +75°C, 4.75V < Voc < 5.25V Input Pulses 
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MACRO CELL AC SPECIFICATIONS 
Min: 0°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V (SNAP Resource Summary Designations in Parentheses) 


Input Buffer 
(DIN552, NIN552, BDIN552, BNIN552 
CDIN552, CNIN552, CKDIN552, CKNIN552, IDFF552*) 


ofS, 


PARAMETER LIMITS 
SYMBOL PML2852-35 PML2852-50 
cu rive [wax [wn [18 


7 " 7 

7 7 

; 10 7 

10 rj 
* When input D flip-flop is bypassed. 
Input Pins: 12-18, 20, 21, 24, 26-28. 


I/O and Bidirectional Pins: 1-3, 5-7, 58-60, 62-66, 69, 70, 75-80, 83, 84. 
Bypassed DFF at Pins: 30-32, 34-39, 41-43, 45, 47-49. 


Internal NAND of Main Array 
(FBNAND, NAND) 


| -- PARAMETER ER 


SYMBOL 
a 


Internal NAND of Clock Array 
(NAND) 


xX | p Y 
PARAMETER LIMITS LIMITS 
SYMBOL 


| PML2852-35 | UNIT 
co eo [a a 
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MACRO CELL AC SPECIFICATIONS (Continued) 
Min: 0°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V (SNAP Resource Summary Designations in Parentheses) 


3-State Output with Programmable Polarity 
(TOUTS5S2 + EXOR552 + NAND) 


Tni-Ctri | ) 


0 20 40 60 80 100 120 140 160 180 200 


Programmable ——Z2--*” 
OUTPUT CAPACITANCE LOADING (pF) 


Connection 


Atpp vs Output Capacitance 
Loading (Typical) 


= | = 


SYMBOL PML2852-35 
(Output) | MIN. | TYP | MAX. 
tPHL tm 25 
teLH In 25 
ial Tri-Ctrl 
Tri-Ctrl 


Bidirectional Pins: 58-60, 62-66. 


1/O Output Buffer with 3-State Control, DFF Bypassed 
(TOUTS52 + NAND) 


Tri—Ctrl 


0 20 40 60 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 


Atpp vs Output Capacitance 


Loading (Typical) 
PARAMETER LIMITS 
SYMBOL From PML2852-35 PML2852-50 
a (Input) | MIN | TYP | ee 


In 
In 
Tri-Ctrl 


Tri-Ctrl 
I/O Pins: 1-3, 5—7, 69, 70, 75-80, 83, 84. 


Notes on page 501. 


October 22, 1993 496 


Philips Semiconductors Programmable Logic Devices Product specification 


CMOS high density programmable macro logic PML2852 


MACRO CELL AC SPECIFICATIONS (Continued) 
Min: O°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V (SNAP Resource Summary Designations in Parentheses) 


Active-Low 3-State Output 
(TOUT852 + NAND) 


o-=- KD BO fF wa N 


NE tT tt te tT 


Nit tt tt 
a, 
LIN tt 
Pt INE TE TT 


u 
- 


-2 
QO 20 40 60 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 


Atpp vs Output Capacitance 
Loading (Typical) 


SYMBOL To 

| oor | ene 

pf a fon de 
tPLH 


Output Pins: 8—11, 50-57, 71-74. 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 


D FLIP-FLOP 
Min: 0°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V 


Output DFF Used Internally 
(ODFF552) 


LIMITS 
SYMBOL PARAMETER PML2852-35 PML2852-50 


Flip-flop toggle rate 


CoE 
Sock LOW co 
P50 | reine ox a 


| PARAMETER | MTS 
SYMBOL a UNIT 
= a = 
be CKE T Hi 5 | 20 H re Hi 


— 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 
D FLIP-FLOP (Continued) 
Min: 0°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V 


Input and Output 
(IDFF552 & ODFF552) 


VDA,VOB J | 
CKA, CKB,CKC |__| 


0 20 40 60 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 


Atpp vs Output Capacitance 
Loading (Typical) 


PARAMETER 
SYMBOL To 
(Input) (Output) 


tPLH CKA, CKB/CKC T Q,a 
tpHL CKA, CKB/CKC T Q,Q 
teLH CKE T Out 
tPHL CKE T Out 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 


JK FLIP-FLOPS 
Min: 0°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V 


(JKPR552) (JKCL552) 


INPUTS OUTPUTS INPUTS OUTPUTS 
L 


Pan [P| wa | wn [> 


Tae | Regge reaency ———SSC~‘“‘~*é‘iSC‘*idCC‘d 
Twontigh | Okicoanicy —————SsS—~—CSC || 

wontow | Okteoatow SSCS | | tw 
Twoxatignh | ORecoanigh SCS || | 
Pweatow | Oreconiow SSCS || | dT 
PiscweiiK | WiKsoupinewoxicxe sist |_| _~s| | |= 
wok | WiKradinewomi.cxe «ite | | to] ||» 
Pwertow | Prsettowpenms ——SS—~—S PP 
iw ottow | Geartowsenos ———S—S—S—s wo | | PT 


on LIMITS 
SYMBOL PML2852-35 PML2852-50 UNIT 


uouy__[n [ ve [wna [ve Tw 
tPLH tn 2 Q,a 3.5 
tpHL CK1,2 oo 2 a0 : : : 
teLH PR Q,a 12 18 Zo 17 24 30 
teHL PR Q,a 12 18 25 17 24 30 
teLH CL Qa 12 18 25 17 24 30 
teHL CL Q,a 12 18 25 17 24 30 
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AC ELECTRICAL CHARACTERISTICS 
O°C < Tamb S$ +75°C, 4.75V S Voc $ 5.25V, Vpp = Voc, 
R; = 750Q, Re = 442Q, C, = 5pF for Output Disable) (See Test Load Circuit Diagram) 


LIMITS 
SYMBOL PARAMETER PML2852-35 PML2852-50 UNIT 


Scan mode operation’ 


Power down, power up? 


Input (I, bypassed I/DA, I/DB, I/O, B) setup time before power down 


oe a 
po | 
es a 
ps | | ns 
ee ee 
a 
i | | ns 


oe) 
oy) 


Cputoaine «dC 
put satp ine bale Ponertp—SSCSi*dSC 
[Power ownseupiine ————SSCSCSC~C~“~S~S~iC 


Power-on reset 


70 
Power-on reset output register (Q = 0) to output (I/O) delay | | 8 fle 
' Power-on reset input register (Q = 0), buried JK Flip-Flop (Q = 0) 
PPR2 to output (B, bypassed I/O) delay 


< 
Emre 
NOTES: 


1. SCM recovery time is 50ns after SCM operation. 50ns after SCM operation, normal operations can be resumed. 

2. Timings are measured without foldbacks. 

3. Transition is measured at steady state High level (-SOOmV) or steady state Low level (+500mV) on the output from 1.5V level on the input 
with specified test load (Ry = 750Q, Ro = 442Q, C, = 5pF). This parameter is sampled and not 100% tested. 

4. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S,; closed. 
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TIMING DIAGRAMS 


1, BYPASSED I/DA, I/DB, I/O, B 


HIGH 


Jepor| poe 


+3V 
SCI £ 1.5V ‘ 1.5V 
OV 


Power Down, Power Up 
Input (old) Ready Before Power Up 
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TIMING DIAGRAMS (Continued) 


|, BYPASSED VDA, I/DB, 1/0, B 


+3V 


OV 


Vou 


VOL 


+3V 


OV 


Power Down, Power Up 
Input (new) Ready After Power Up 


srameamans YX RK eX 
OV 


ile ta — tg tpp 
+3V 


PD 1.5V 1.5V 


OV 
ts Lo 7 —_ 
cai ° i= IMPEDANC a OY or 7 

[epee] fd ov 


Sci 1.5V 1.5V 


tpp 


OV 


Power Down, Power Up 
Input (new) Ready Before Power Up 


+5V 


VOH 


VoL 


VOH 
B, VO 1.5V 


VoL 


Power-On Reset 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


/DAO+/DA7 8 


/DB04/DB7 


BFA(O-7) = 
r_»>—8 D @ 


O00 - 1/07 
(SCAN OUT) 


CCKEII 
(SCAN CLOCK) 
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ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 


The erasure characteristics of the PML2852 
device is such that erasure begins to occur 
upon exposure to light with wavelengths 
shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and 
certain types of fluorescent lamps have 
wavelengths in the 3000 — 4000A range. Data 
shows that constant exposure to room level 
fluorescent lighting could erase a typical 
PML2852 in approximately three years, while 
it would take approximately one week to 
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cause erasure when exposed to direct 
sunlight. If the PML2852 is to be exposed to 
these types of lighting conditions for 
extended periods of time, opaque labels 
should be placed over the window to prevent 
unintentional erasure. 


The recommended erasure procedure for the 
PML2882 is exposure to shortwave ultraviolet 
light which has a wavelength of 2537 
Angstroms (A). The integrated dose (i.e., UV 
intensity x exposure time) for erasure should 
be a minimum of 15Wsec/cm?2. The erasure 
time with this dosage is approximately 30 to 


Refer to the following charts for qualified manufacturers of programmers and software tools: 


35 minutes using an ultraviolet lamp with a 
12,000):W/cm? power rating. The device 
should be placed within one inch of the lamp 
tubes during erasure. The maximum 
integrated dose a CMOS EPLD can be 
exposed to without damage is 7258Wsec/cm? 
(1 week @ 12,000nW/cm2). Exposure of 
these CMOS EPLDs to high intensity UV light 
for longer periods may cause permanent 
damage. 


The maximum number of guaranteed 
erase/write cycles is 50. Data retention 
exceeds 20 years. 


PROGRAMMER MANUFACTURER PROGRAMMER MODEL FAMILY/PINOUT CODES 


15918C* (with adaptor) 


DATA I/O CORPORATION 

10525 WILLOWS ROAD, N.E. 

P.O. BOX 97046 

REDMOND, WASHINGTON 98073-9746 


(800) 247-5700 


STREBOR DATA COMMUNICATIONS 
1008 N. NOB HILL 
AMERICAN FORK, UT 84003 


BASIC COMPUTER SYSTEMS AG 
WOLFGANG-PAULI-GASSE 
A-1140 WIEN—-AUHOF, AUSTRIA 


SMS - W. STEUDEL 
IM MORGENTAL 13 
D-8994 HERGATZ, GERMANY 


SYSTEM GENERAL 
244 SOUTH PARK VICTORIA DRIVE 
MILPITAS, CALIFORNIA 95035 


UNISITE 40/48 Ver. 3.5 


PINSITE Ver. 3.5 


PLP-—S1A Programmer 
MP68CC adapter 


SPRINT PLUS/EXPERT 
Rev. TBD 


TURPRO-1 
Rev. 1.42 


* Needs a 40-pin DIP to 84-pin PLCC adaptor that is available from Emulation Technology. 


Part Number: AS—84—40-01P-6YAM 


EMULATION TECHNOLOGY, INC. 
2368B Walsh Avenue, Building D 


Santa Clara, California 95051 


Telephone No. (408) 982-0660 


Fax. No. 


PHILIPS SEMICONDUCTORS 

811 EAST ARQUES AVENUE 

P.O. BOX 3409 

SUNNYVALE, CALIFORNIA 94088-3409 


(408)99 1—2000 


October 22, 1993 


(408) 982-0664 


SOFTWARE MANUFACTURER DEVELOPMENT SYSTEM 


SNAP SOFTWARE 
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ee Device Package Standard 
Description Description MiL—Drawing 
PLC18V8Z/BRA GAL 20DIP3 PLANNED 
PLC18V8Z/B2A GAL 20LLCC PLANNED 
PLC22V10-15/BLA GAL 24DIP3 5962-8984 105MLA 
PLCO22V10-20/BLA## GAL 24DIP3 5962-8984102MLA 
PLO22V10-25/BLA## GAL 24DIP3 5962-8984104MLA 
PLCO22V10-30/BLA## GAL 24DIP3 5962-8984101MLA 
PLS167/BLA PLS 24DIP3 
PLS 168/BLA PLS 24DIP30 5962-9201201MLA 
PLS173 PLA 24DIP3 5962-8850402MLA 
82S100/BXA PLA 28DIP6 M385 10/50202XA* 
82S100/BYA PLA 28FLAT 
82S101/BXA PLA 28DIP6 M385 10/5020 1XA* 
82S101/BYA PLA 28FLAT 
82S101/B3A PLA 28LLCC 
82S105/BXA PLS 28DIP6 5962-86 70901XA 
82S105/BYA PLS 28FLAT 5962-86 70901 YA 
82S105/B3A PLS 28LLCC 5962-86 709013A 
82S153A/BRA PLA 20DIP3 5962-8768201RA 
82S153A/B2A PLA 20LLCC 5962-87682012A 


* 


Available in QPL part IV specifications 


## Available as an SMD part number only 


April 1992 
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Synthesis Netlist Analysis Program 


FEATURES 


® Schematic entry available using 
Data I/O DASH™ 
OrCAD SDT IV™ 


® State equation entry 

® Boolean equation entry 

® Truth table entry 

® Netlist entry 

© Edif 2.xx entry 

® Graphical simulation waveform entry 


® Capability to design in one or any 
combination of formats 


® Device independent, netlist based design 
platform 


® Boolean equation extractor 


® Fuse table editor 


® Philips LESIM 5-State gate array simulator: 


— Logic and fault simulation 

— Model extraction and timing simulation 
— Synthetic logic analyzer format 

— Stimuli entry in waveform format 

— Simulate multiple-PLD design 


® Freezing of selected Critical paths 


® Capability to create user defined macros or 
to use TTL elements 


® Automatic test vector generation for 
combinatorial circuits 


® JEDEC fusemap compiler and device 
programmer interface 


SIMULATE 


DASH is a trademark of Data I/O Corp. 
OrCAD STD IV is a trademark of OrCAD, Inc. 
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GENERAL DESCRIPTION 
SNAP PLD development software. 
Simple-to-use tools for demanding designs. 


Get ready for greater design productivity. 
SNAP, the complete logic synthesis, 
simulation and layout package for Philips 
Semiconductors full line of PLDs, saves one 
commodity in preciously short supply: design 
time. Fully equipped with every tool you 
need to turn out PLD designs quickly, 
SNAP eliminates the “learning curve” that can 
keep you from being immediately productive. 
Regardless of whether you’re a PLD novice 
or seasoned pro, SNAP allows you to 
produce optimized designs within a matter of 
hours. 


For rapid design you need flexibility and 
SNAP provides lots of it. Enter your design in 
the most convenient way possible — using 
any combination of schematics, truth 
tables, Boolean equations, state 
equations or netlists. SNAP merges the 
inputs and generates a dense, high-speed 
design that can be simulated in SNAP’s 
powerful simulator and then downloaded to a 
PLD programmer. 


With SNAP, you produce your design ina 
netlist-based, device-independent 
environment. No need to commit to a 
particular part from the start of the design 
process: With SNAP, you can change the 
target PLD at will. If you find that your design 
needs a larger device or can fit into a smaller, 


SNAP Design Flow 


U 
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less expensive one, simply select a new part 
and resimulate. SNAP allows you to take 
advantage of the most appropriate PLD for 
the job without wasting time. 


SNAP’S UNRIVALED 


SIMULATION FACILITY 

Simulation is a key part of the SNAP design 
process. SNAP incorporates Philips 
5-State ASIC simulator, a simulator so 
unsurpassed in its accuracy and diagnostic 
ability that it is a standard tool used by the 
company’s own chip designers. You can 
examine any of your design's internal nodes 
and apply SNAP’s virtual logic analyzer to 
display the precise timing at that node. Then 
change the stimulus and put the design 
through its paces with SNAP's built-in 
waveform editor. Compile into a specific PLD 
and resimulate. When you finally program a 
PLD, chances are that it will run perfectly the 
first time. 


Since testability represents an ever-important 
measure of the success of a PLD design, 
SNAP includes a powerful fault simulator 
that simplifies the task of analyzing fault 
coverage. The tool rapidly generates a report 
detailing undetected and potentially 
undetectable faults, coverage efficiency, and 
other useful data. With it, you get the most 
thorough fault coverage possible in a limited 
test period. 


COMPILE 


OUTPUT 
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Would you like to know how many potential faults your test vectors can detect? 
Just look at the output of the SNAP FAULT SIMULATOR... 


FAULT LIST: 


TOTAL NUMBER OF SIGNALS 
NUMBER OF NAMED SIGNALS 
NUMBER OF CIRCUIT FAULTS 
NUMBER OF INSERTED FAULTS 
NUMBER OF COLLAPSED FAULTS 


FAULT DETECTION: 


NUMBER OF HARD DETECTED FAULTS 
NUMBER OF POTENTIALLY DETECTED FAULTS 
NUMBER OF UNDETECTED FAULTS 


FAULT COVERAGE; 


HARD DETECTION FAULT COVERAGE 
POTENTIAL DETECTION FAULT COVERAGE 
TOTAL DETECTION FAULT COVERAGE 


PATTERN# 


Designers who need to consolidate the 
designs of existing logic devices will draw 
considerable benefit from SNAP’s unique 
Boolean equation extractor. It take the 
design data from existing PLDs and converts 
it to the actual, corresponding Boolean 
equations, which can then be used as an 
input to SNAP. It eliminates the need to find 
and re-enter design data, often a 
time-consuming process. 


And for added convenience, SNAP features 
the powerful logic optimizer, Espresso 
Minimizer. Espresso automatically removes 
all unnecessary gates from your design, 


assuring that it will be the fastest and densest 


possible. Espresso allows you to pack more 
in — or fit it into a smaller PLD. The result 
can be substantial cost and power savings. 


PAL is a registered trademark of AMD/MMI, Inc. 
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FULL SUPPORT NOW — AND 
INTO THE FUTURE 

SNAP supports Philips broad line of PLDs, 
which includes high-speed PAL@-type 
devices, programmable logic arrays, 
programmable logic sequencers, and 
sophisticated programmable macro logic. It is 
fully compatible with SLICE, Philips 
entry-level design package. And as Philips 
introduces new PLDs in the future, SNAP will 
support those too, in a timely manner. You 
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can standardize on SNAP for your future 
development, with confidence. 


Menu-driven and supported by clear, 
concise documentation, SNAP is a 
pleasure to use. But if problems do arise, 
Philips network of field applications engineers 
stand ready to help. Specially trained and 
backed by a comps of factory experts, Philips 
FAEs are stationed in all major cities in the 
U.S. and overseas. Wherever you are, 
chances are that support is nearby. 
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SNAP Boolean Equation Extractor 
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PRODUCT SUPPORT 

SLICE supports the Philips line of PLDs, 
which ranges from high-speed PAL devices to 
complex Programmable Macro Logic circuits. 
It will also support new Philips PLDs as they 
are introduced. The devices currently 
supported are: 


Programmable Logic Arrays: 


PLUS153 PLS100 
PLUS173 

Programmable Macro Logic: 
PLHS501 PML2852 
PML2552 


IMMEDIATELY 


Programmable Logic 


Sequencers: 


PLS155 
PLS157 
PLS159 
PLS167 
PLS168 
PLS179 


Programmable Array Logic 


PLUS20L8 
PLUS20R8 
PLUS20R6 
PLUS20R4 
10H20EV8 
10020EV8 

PHD48N22 
PHD16N8 


IBM is a registered trademark of International Business Machines Corp. 
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PLC42VA12 
PLC415 
PLS105 
PLUS105 
PLUS405 


PLUS16L8 
PLUS16R8 
PLUS16R6 
PLUS16R4 
PLQ22V10 
PLC18V8Z 
PL22V10 
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=/ (ASN*RWN*/DREQN1+S*/DREQN1) ; 


EFFORTLESSLY 


TRY IT — YOU’LL LIKE IT 

Pop the enclosed SNAP demo disk into your 
computer and see how easy PLD design can 
be. The demo, like SNAP itself, runs on 
almost any IBM® PC or compatible having 
DOS 3.0 or higher, 640K RAM and a hard 
disk. 
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SNAP Resources Summary 
Cell name used/total 


DIN501 
NIN501 
FBNAND 

NAND 
OUT501 
NOUS50O1 
EXO501 
TOU501 

Please hit any key to continue... 


PLHS501 Resources 
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SNAP OVERVIEW 

Philips SNAP (Synthesis Netlist Analysis and 
Program) is a software program used in 
implementing logic designs with Philips 
Programmable Logic Devices. The software 
runs on any IBM PS/2, AT, XT, or compatible 
computer. SNAP accepts the logic design 
specified in the form of schematics, EDIF 
netlists, Boolean logic equations, and/or state 
equations; combines the different forms and 
different parts of the design into a single 
netlist; prompts the user to select a target 
PLD; and generates the JEDEC fuse map 
used for programming the target PLD device. 


Schematics can be created with either 
OrCAD SDT Ill, OrCAD SDT IV or DASH, 
three schematic capture packages offered as 
options to SNAP. Logic and state equations 
can be created using any ASCII text editor. 
After you specify the design, SNAP converts 
the schematic, logic equations, and state 
equations into a single netlist. You can then 
use SNAP to perform the following functions: 
® Create, display, and edit the stimulus 
waveforms for simulation 


®@ Simulate the logic functions and timing 
® Display and print the simulation results 


® Determine the fault coverage for a given 
set of inputs 


® Generate the test vectors 


® Generate the fuse map for the target PLD 
device 


® Generate a netlist of the PLD 
implementation for simulation 


® Download the fuse map and test vectors to 
the PLD programmer 
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Specification of the logic design is 
independent of the type of PLD device. You 
can specify the design first and choose the 
PLD device later, after simulating and 
debugging the logic design. If the chosen 
device is unable to accommodate the design, 
it is a simple matter to select another device 
and generate the fuse map for that device. 
After this has been done, SNAP can generate 
a netlist and a set of logic equations directly 
from the final fuse map, allowing analysis and 
simulation of the final design as implemented 
in the target device. Also, a design using 
several PLD devices can be accurately 
simulated with the use of real delays. 


Supported PLD Devices 

The PLD devices supported by SNAP 1.8 are 
listed below, showing the part number, 
architecture (Inputs x Terms x Outputs), and 
number of pins for each device type. 


Programmable Macro Logic (PML) 
Devices 


PLHS501 104 x 116 x 24 52 pins 
PML2552 185 x 226 x 24 68 pins 
PML2852 185 x 226 x 40 84 pins 


Programmable Logic Sequencer (PLS) 
Devices 


PLS155 16x 45 x 12 20 pins 
PLS157 16 x 45 x 12 £20 pins 
PLS159 16x 45 x l2 20 pins 
PLS167 14 x 48 x 6 24 pins 
PLS168 16 x 45 x 12 £20 pins 
PLS179 12 x 48 x 8 24 pins 
PLC42VA12 42 x 105 x 12 24 pins 
PLC415 17 x 68 x 8 28 pins 
PLS105 16 x 48 x 8 £428 pins 
PLUS105 22 x 48 x 8 £28 pins 
PLUS405 24 x 64 x 8 28 pins 
517 


Programmable Logic Array (PLA) Devices 


PLS100 16x 48 x 8 28 pins 
PLUS153 18 x 42 x 10 £20 pins 
PLUS173 22 x 42x10 £24 pins 
PAL Devices 

PLUS16L8 16x 64 x 8 20 pins 
PLUS16R8 16x 64 x 8 20 pins 
PLUS16R6 16x 64x 8 20 pins 
PLUS16R4 16x 64x 8 20 pins 
PHD16N8 16x 16x & 20 pins 
PLC18V8Z 18 x 74 x 8 20 pins 
PLUS20L8 20 x 64 x 8 24 pins 
PLUS20R8 20 x 64x 8 24 pins 
PLUS20R6 20 x 64 x 8 24 pins 
PLUS20R4 20 x 64 x 8 24 pins 
10X20EV8 20x 90x 8 24 pins 
PHD48N22 48 x 73 x 22 68 pins 
PL22V10 22 % 132 x 10 24 pins 
PLQ22V10 22 x 132 x 10 24 pins 


Before you can begin using SNAP, you must 
first install the software and learn the function 
keys and top-level menu. As part of the setup 
procedure, you specify the text editor and 
schematic capture software you are using 
with SNAP so that SNAP can invoke these 
programs as needed. 
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OrCAD SDT IV are provided with the OrCAD 
SDT IV software package. Supplemental 
information is provided in Appendix A of the 
User's Manual on configuring OrCAD SDT IV 
for compatibilty with SNAP. 


DASH is Data I/O schematic capture 
package. Schematic data files are accepted 
directly by the SNAP software. Instructions 
on installing and using DASH are provided in 
Appendix B of the User’s Manual, serving as 
an addendum to the DASH User’s Manual. 


Overview of SNAP Process 

The OrCAD SDT IV and DASH schematic 
capture systems are available as options to 
the SNAP software package. 


OrCAD SDT IV is a complete schematic 
capture package, one of several design tools 
offered by OrCad Systems Corporation. 
OrCAD SDT IV lets you create, edit, save, 
and print logic schematics. Schematic data 
files are accepted directly by the SNAP 
software. Instructions on installing and using 
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ScCapture 


DEMO 


Abel2Snap 


Project 
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1:HELP 2:RUN 3:PROJECT 4:STATUS 5:SETUP 6:SAVE 


Figure 5. Top-Level SNAP Menu 
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7:DOS 


Any of these schematic capture systems may 
be used for logic design purposes with SNAP. 


SNAP is an interactive, menu-driven software 
package. At the top level of the program is a 
graphical menu that allows selection of the 
desired SNAP operation. See Figure 5. 


The boxes show the SNAP program 
operations that you can select. Operations 
may be performed at any time and in any 
order, provided that the input files for that 
operation are available. 


All rights reserved 
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Use cursor keys to select module 
Use function keys to enter command 


8:EDIT 9:PRINT 10:EXIT 
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- EQQ ° 
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Minimizer 


S12 


° ‘ 
SCL BIN 


Figure 6. Order of Operations and Data Files 


Figure 6 shows the typical order in which the 
SNAP program operations are executed. The 
figure also shows the file name extensions for 
the files produced by (and used by) the 
individual program operations. The menu 
options shown in bold boxes are the minimum 
required to specify a design and generate the 
fuse map. The remaining menu options may 
be used as needed for simulation and testing 
purposes. 


In Step 1 (ScCapture), you specify part or all 
of the logic design with the schematic capture 
package (OrCAD SDT IV or DASH), using a 
library of logic elements recognized by SNAP. 
The design may be drawn hierarchically. In 
Step 2 (NetGen), SNAP converts the 
schematic into an intermediate netlist (MAC 
file). 
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In Step 3 (Equations), you specify part or all 
of the logic design with Boolean logic 
equations and/or state equations. In Step 4 
(Minimizer), an optional step, SNAP changes 
the form of the equations to minimize the 
number of gates necessary to implement the 
design. In Step 5 (NetConv), SNAP converts 
the logic and state equations into an 
intermediate netlist (.MAC file). 


The complete design may be specified with 
any combination of schematic capture, logic 
equations, and state equations. Different 
parts of the design may be specified 
separately. Each lower-level part of the 
design is a “macro” that can be used multiple 
times at a higher level of the hierarchy. 
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In Step 6 (Merger), SNAP combines the 
separate netlists (.MAC files) into a single 
master netlist (.NET file). 


In Step 7 (SimNet), SNAP converts the 
master netlist into a binary-format file (.BIN 
file) that is accepted by the simulator. 


In Step 8 (Waveforms), you use a graphical 
waveform editor to create the input signals for 
the simulation. SNAP converts the 
waveforms into the “Simulation Control 
Language” format (.SCL file). 


In Step 9 (SimScl), SNAP simulates the logic 
operation and timing of the design using the 
input signals created previously. The resulting 
output signals are stored in a “results” file 
(.RES file). 
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In Step 10 (Plot), SNAP displays the results 
graphically on the screen. You can analyze 
the simulation results in detail by adjusting 
the time range and time scale of the display. 


In Step 11 (SimPrt), SNAP prints out the 
simulation results on the printer, monitor 
screen, or a disk file. You select the type of 
display (alphanumeric or graphic), the time 
range, and the time scale for the printout. 


In Step 12 (SimFit), SNAP simulates the 
design with circuit faults, and reports the 
percentage of potential faults that can be 
detected with the given set of input test 
signals. Test signals may be specified as 
waveforms or by an ASCII file. A detailed 
fault coverage report is generated (.FLT file). 


In Step 13 (Compiler), SNAP generates the 
fuse map for implementing the logic design. 
You select the PLD device type and then 
specify the input/output signal name 
associated with each device pin. SNAP 
optimizes the design for the selected device, 
generates the fuse map, and writes out the 
results in JEDEC format (.JED file). The 
percentage utilization of the on-chip PLD 
resources is reported on the screen and 
stored in a separate file (.USE). 


In Step 14 (ModGen), SNAP takes the PLD 
device structure and fuse map, and 
generates a new netlist (MOD file) based on 
the actual implementation of the logic design 
in the PLD device. This new netlist can be 
simulated in the same manner as the original 
design, allowing verification of the PLD 
implementation. 
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In Step 15 (TestVector), the test vectors 
(input signals and expected output signals) 
are converted to JEDEC format. This 
information can be downloaded to the device 
programmer machine along with the fuse 
map (.VEC file). 


In Step 16 (DPI), the Device Programmer 
Interface, SNAP downloads the fuse map and 
test vectors to the PLD programmer machine 
through a serial port. The programmer 
machine uses the fuse map to program the 
PLD device, and the test vectors to test the 
device after programming. 


The programmed device operates as 
specified by the schematics, logic equations, 
and state equations created in Steps 1 and 3. 


Many of the steps described above are 
optional. The minimum steps necessary for a 
project are either ScCapture and NetGen, or 
Equations and NetConv, to specify the logic 
design; Merger to make the netlist; Compiler 
to generate the fuse map; and DPI to 
download the fuse map to the device 
programmer. The other steps allow you to 
analyze and simulate the design, and to 
generate the test vectors. 


Hardware and Software 


Requirements 
SNAP requires the following computer 
resources: 


@ IBM PS/2, AT, XT or compatible computer 


® MS-DOS operating system, version 3.0 or 
higher 


® 640 Kbytes RAM 
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® Hard disk drive: 10 Mbytes (20 Mbytes or 
more preferred) 


® Floppy disk drive 


® Monitor: Hercules, EGA, or VGA 
recommended for schematic capture 


® Text editor software 


installation 

The SNAP software is provided on a set of 
floppy diskettes. Two functionally identical 
sets are provided: a 5'/, inch set and a 31/5 
inch set. 


The files are stored on the diskettes in 
compressed-data format, so you cannot 
simply copy the files to the hard disk. Instead, 
use the installation program provided on the 
diskettes. Running the installation program is 
straightforward. The program takes care of 
creating a SNAP subdirectory (if it doesn’t 
already exist), and automatically 
“decompresses” the SNAP files and transfers 
them to the hard disk.If you have an earlier 
version of SNAP installed on your system, 
first make a backup of all data files (if any) in 
your SNAP subdirectory. To ensure that you 
don’t lose any valuable files, make a 
separate, complete backup of the SNAP 
subdirectory using the BACKUP command or 
a backup utility program. Then delete all the 
files from the SNAP subdirectory. 


If you are upgrading from SLICE, you can 
install SNAP without removing SLICE. Once 
you are familiar with SNAP, you can delete 
SLICE from the hard disk. 
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Philips MODEL MODEL 
Sanleonduciots R4971 PILOT-U84 UP2000 BP-1200 CP-1128 UNISITE 3900 
Software Software System System 


PAL® DEVICES 
1 
A 
1 


—_—)} — 
oy oi 


mo) & 
@} Pw 


PHD16N8-5 
PHD48N22-7 
PL22V10-10/-12/-15 
PLC 18V8Z-25/-35 
PLUS16L8-7/D ** 
PLUS16R4-7/D ** 
PLUS16R6-7/D ** 
PLUS16R8-7/D ** 
PLUS20L8-7/D ** 
PLUS20R4-7/D ** 
PLUS20R6-7/D ** 
PLUS20R8-7/D ** 


PLA DEVICES 


PLS100 10.35 
PLS101 0 10.35 


10020EV8-4 

SS 

[vores [eee fa 

[wore [22s [ame ie fat 

[wore [22s [ eee | ie [at 

[vores [eee fe fat 
ar 
a 
a 


w 
> 


10H20EV8-4 | =| ; 


4 
4 


1.2 
1.0 
1.0 


1 

1 
; 
, 
[tore [228 [eae [ef at_ 


5 
5 
) 
5 


eat {| aA = —t | ak 
( PM] Po] po =|o 


_ 
io) 


C50 
C50 
C50 
C50 
C50 
C50 
C50 

50 


C 


O 
on 


Hs 
on 
oO 


PLS173 C50 10.35 
PLUS153-10/D/B C50 10.35 
PLUS173-10/D/B C50 10.35 


PLS DEVICES 


PLC415-16 
PLC42VA12 
PLS105/105A 
PLS155 

PLS157 
PLS159A 
PLS167/167A 
PLS168/168A 
PLS179 
PLUS105-55/-45 
PLUS405-55/-45/-37 


PML DEVICES 


PLHS501/5011 
PML2552-35/-50 
PML2852-35/-50 3.0 


* See individual programmer reference guide for more details. 
* New revision listed is required if you wish to program the security fuse on the following products: 
PLUS20L8/R8/R6/R4 Rev. G or later 
PLUS16R8/R6/R4 Rev. | or later 
PLUS16L8 Rev. K or later 
*** Need version 4.0 for SO Package Support 
@PAL is a registered trademark of Advanced Micro Devices, Inc. 


_, 
on 


Se 
) 


4 1.0 
4 1.0 
2210 
2210 
=f 2s eae fe 


1.7 
2.8 
3.8 


1.0 
1.0 


—_ 
wn . 


1.5 
3 
3 

1.5 

1.5 

1.5 

1.6 


1.0 


C50 
C50 
C50 
C50 
C50 
C50 
C50 
C50 

50 


C 


=_ — fl ot 
oS oO; oO 


iPS 
1.7 


1.1 
se 
2.0 


2.25 


ed 
De) 
oH) 
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DATA I/O* (continued) LOGICAL DEVICES STAG* STREBOR SYSTEM GENERAL 


oe ALLPRO4O | ALLPROss | SFfuet ZL30A TURPRO-1 
303A-011A System Software Software System System System 

Revision Revision Revision Revision Revision Revision Revision Revision Revision 
PAL® DEVICES 


1.50C 2.10 
1.50C 


1.50C 2.10 p85 30A31 


V14.2/19 1.50C 


re a 


15 
18 = 
E ns 
viaarte [1500 sonsimeo7 [| 
V14.2/19 1.50C ; ae 


V14.2/19 1.50C 30A31/BO7 
V V14.2/19 1.50C | 2100 | 


PLA DEVICES 


vos [ vor 1800 BOAO 


V12 
V14 
VO9 
V08 
V08 
V08 
V08 
V08 
V08 
V08 

08 


ed 
p 


30A01 


< 
=) 
ne) 
< 
ne) 
onl i 
oO 
QO 
1) 
—s 
° 
w 
on 


< 
=} 
nm 
< 
—_ 
no 
~— 
4) 
ro) 
'?) 
no 
—_ 
ro 
w 
on 
w 
oO 
> 
oO 
— 


vor [|_vis__ | _1500 SOA 
vor | _vis__[ 1800 SOA 


PLS DEVICES 


2 


nm 

> 
—s 
ro) 
co 


—_ 
ep) 
co 


dl ied 
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=) 
ro 
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ss 
nm 
—s 
ou 
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— 
ro) 
w 
oa) 
w 
oO 
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o 
Ss 
hd 
> 
at 
so) 
oo 


; ; 
oO Oo 
iS) 
< 

wane 

nN 

ss 

n 

ro} 

@) 
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oO 

) 

uo 
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Data I/O Corporation 


Data I/O Corporation 
10524 Willows Road, N.E. 


Redmond, Washington 98073-9746 
Telephone Number: (800) 247-5700 


Philips 


Semiconductors 


Part 
Number 


MODEL 29B 
Adapter Revision UNISITE 
Site Chip/ 


MODEL | MODEL 
2900 | 3900 


i ae 60 
i ae Revision 


System 


PHD16N8 1B8F 303A-011A;V12 | 303A-011B;V05 V2.8 V3.4 360A001 | 360A006 
PHD48N22 O960B2 V3.4°*** | V3.4** 

10H20EV8 14013B V2.7 V2.7 

10020EV8 14013B V3.0 TBD 


PAL® 


PLC18V82Z-35/-25 


PL22V10 
PLUS16L8 


PLUS16R8/R6/R4 


PLUS20L8 


PLUS20R8/R6/R4 


PLS100/101 
PLS100/101 
PLS153/A 
PLS153/A 
PLS173 
PLS173 


PLUS153B/D/-10 
PLUS173B/D/-10 


PLC415-16 
PLC42VA12 
PLS105/A 
PLS105/A 
PLS105/A 
PLS105/A 


PLUS 105-45/-55 


PLS155 
PLS155 
PLS157 
PLS157 
PLS159A 
PLS159A 
PLS167/A 
PLS167/A 
PLS168/A 
PLS168/A 
PLS179 


PLUS405-37/-45/-55 


November 1993 


303A-011A;VO9 
303A-011A;V14 
303A-011A;V08 
303A-011A;V08 
303A-011A;V08 
303A-011A;V08 


303A-001;V01 
303A-001;VO5 
303A-011A;V02 
303A-001;VO5 
303A-011A;VO2 
303A-001;V06 
303A-011A;V07 
303A-011A;VO7 


303A-011A;V10 
303A-011A;V12 
303A-011A;VO02 
303A-001;V01 
303A-001;V05 
303A-011A;V02 
303A-011A;VO9 
303A-011A;VO2 
303A-001;V0O5 
303A-001;VO5 
303A-011A;VO2 
303A-011A;VO2 


303A-011A;VO2 
303A-011A;VO2 
303A-00 1 ;V06 

303A-011A;VO02 
303A-011A;VO7 


303A-011B;V04 
303A-011B;V04 
303A-011B;V04 
303A-011B;V04 
303A-011B;V04 
303A-011B;V04 


303A-011B;V02 
303A-011B;V02 
303A-011B;VO2 
303A-011B;V02 
303A-011B;V0O3 
303A-011B;V03 


303A-011B;V04 
303A-011B;VO5 


303A-011B;V02 
303A-011B;V02 
303A-011B;V04 
303A-011B;V02 
303A-011B;V02 
303A-011B;V02 
303A-011B;V02 
303A-011B;V02 


303A-011B;V02 


303A-011B;V02 


303A-011B;V02 
303A-011B;V04 


360A001 
360A001 
360A001 
360A001 
360A001 
360A001 


360A003 
360A002 
360A009 
360A002 
360A001 
360A002 


360A003 
360A002 
360A003 
360A003 


360A002 


360A002 


360A002 


360A002 


360A002 


360A006 
360A006 
360A006 
360A006 
360A006 
360A006 


A ONLY 
A ONLY 
360A009 
360A009 
360A009 


360A009 
360A009 
360A009 


360A009 


360A009 
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PLD programmer reference guide — 
Data I/O Corporation 


Philips MODEL 29B | iRaenies Bevo | 60 
Semiconductors Adapter Revision ounsme MODEL | MODEL | iRaenies Bevo | Revision 
2900 | 3900 


Part Device Site Chip/ System 


PLHS501 

PLHS502 01CO5E 
PML2552-35/-50 
PML2852-35/-50 | 15918C 


NOTES: 
1. The software and hardware revisions listed are the first revisions released. All following revisions maintain support. 
2. FOR UNISITE USERS: PLCC packages can be programmed on either the Chipsite or Pinsite adaptors. 
3. FOR UNISITE USERS ONLY: Family codes listed above (the first two digits) must be preceeded with a “0” for PLCC packages. Pin codes 
listed above (the last two digits) must be preceeded with a “7” or “6” for PLCC packages. Also, product name might be preceeded by “-FN”. 
4. This version required to program security fuse on newer product. 
Older parts can use Version 2.3 or later. 
“ Pinsite adaptor required to program and functionally test these products without a DIP to PLCC adaptor. 
*** Needs a 40-Pin DIP to 68-Pin PLCC adaptor available from Emulation Technology. Part Number: AS-68-40-O1P-6 
Pinsite is also available for programming and functional testing without an adaptor. 
**** Needs a 40-Pin DIP to 68-Pin PLCC adaptor that is available from Emulation Technology. Part Number: AS-68-40-04P-6 
Pinsite is also available for programming and functional testing without an adaptor. 
***** Needs a 40-Pin DIP to 84-Pin PLCC adaptor available from Emulation Technology Part Number: AS-84-40-O1P-6YAM 
EMULATION TECHNOLOGY, INC. 
2368B Walsh Avenue, Building D 
Santa Clara, California 95051 
Telephone No. (408) 982-0660 
Fax. No. (408) 982-0664 
5. DEVICE CODE: XXYY 
XX = FAMILY CODE 
YY = PIN CODE 
@PAL Is a registered trademark of Advanced Micro Devices, Inc. 
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Stag Micro Systems, Inc. 


STAG MICRO SYSTEMS, INC. 


Western Area: Eastern Area: 

1600 Waytt Drive, Suite 3 3 Northern Blivd., Suite B4 
Santa Clara, CA 95054 Amherst, NH 03031 

(408) 988-1118 (603) 673-4380 


MODEL 
ZL30 


MODEL 

ZL30A 
SYSTEM PLCC 
REVISION ADAPTER 


DEVICE CODES 


PHILIPS SEMICONDUCTORS FAMILY 
PART NUMBER CODES 


PHD DEVICES 
|} PHD16N8-5 10 167 
ECL DEVICES 
10H/10020EV8 


PAL® DEVICES 


(DIP ONLY) 


PL22V10-10/-12/-15 30B01 

PLC18V8Z 30A34 

PLUS20L8D/-7 30A31/B07 

PLUS20R8D/-7 30A31/B07 

PLUS20R6D/-7 30A3 1/B07 30A001 
PLUS20R4D/-7 30A31/B07 30A001 
PLUS16L8D/-7 30A31/B07 30A001 
PLUS16R8D/-7 30A31/B07 30A001 
PLUS16R6D/-7 30A31/B07 30A001 
PLUS16R4D/-7 30A31/B07 30A001 


PLA DEVICES 


PLS100/101 30A01 30A01 30A001 
PLS153/153A 30A01 30A01 30A001 
PLUS 153B/D/-10 30A39S 30A39S 30A001 
PLS173 30A01 30A01 TBA 
PLUS173B/D/-10 30A39S 30A39S TBA 


PLS DEVICES 


PLS105/105A 13 30A001 
PLUS 105-45/-55 11 30A001 
PLC415 12 30A001 
PLC42VA12 12 30A001 
PLS155 14 30A001 
PLS157 14 30A001 
PLS159A 13 30A001 
PLS167/167A 15 30A001 
PLS168/168A 15 30A001 
PLS179 15 30A001 
PLUS405-37/-45/-55 11 30A001 
PML DEVICES 
a ee 
NOTES: 


The software and hardware revisions listed are the earliest revisions that support these products. Later 
revisions can also be assumed to support these products. 
¢ Requires 30A101 adaptor; includes PLCC support. 
1. The second revision listed is required if you wish to program the security fuse on the following products: 
PLUS20L8/R8/R6/Ré4 Rev. G or later 
PLUS16R8/R6/Ré4 Rev. | or later 
PLUS16L8 Rev. K or later 
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COMPANY LOCATION PERSON TO CONTACT | CERTIFICATION = 


; 1050-L E. Duane Avenue Wing F. Hui Pending update 
Advin Systams Sunnyvale, CA 94086 (408) 243-7000 75% done 
John Goosseff 


; 9952 Eash Bladwin Place . . 
American Reliance Tel: (800) 654-9838 Vendor to provide equipment 
El Monte, CA 91731 (818) 575-5110 
Daisan-Maruzen Building 
6-16-6 Nishishinjuku Toshiko Ishii 
Aval Data Shinjuku-ku, 03-3344-2001 
Tokyo Japan 160 


B&C Microsystems Cinnjwoe, CADIS (408) 730-5511 Pending new update 


; Wolfgang—Pauli-Gasse ; ifj 
Basic Computer Tel: +43-222-9736360 Certified 4/89 
Systems AG cial aia Fax: +43-222-975915 UP2000 


Vendor to provide equipment 


Bill Cates 


BP Microsystems ee (800) 225-2102 Certified PLD1100, CP1128 
! Fax #(713) 461-7413 


10525 Willow Road, N.E. Certified Model 29/60 
Redmond, WA 98073-9746 00) at UNISITE, $1000, 2900, 3900 
; 12505 Loma Rica Drive Dan Mower , ; 
Eden Engineering Grass Valley, CA 95945 (916) 272-2770 Vendor to provide equipment 
538 Valley Wa 800) 541-ELAN : 
Elan Digital Systems Milpitas, C | asec ' ae) 946-8495 Pending new update 
HiLo/Tribal 44388 S. Grimmer Blvd. Robert Kruger Pending new update 
Microsystems Fremont, CA 94538 (510) 623-8860 g 


Joleen Rasmussen 
. 692 South Military Trail (800) 331-7766 ALLPRO 40 
Logical Devices Deerfield Beach, FL 33442 (305) 428-6868 Certified 7/91 
(FL only) 
ee Tel: (916) 348-6066 Certified 
North Highlands, CA 95660 Fax: (916)348—-0926 System 1891 & 1910 
2098 South Grand Avenue . 
Red Square Co. Suite H pian Vendor to provide equipment 
Santa Ana, CA 92705 
SMS P.O. Box 3159 Bob Young Certified 
Sprint Plus/Expert Redmond, WA 98073—3159 (206) 883-8447 Sprint Plus 


SMS — G. Steudel Tel: +49-7522-4460 


Im Morgental 13 
D-8994 Hergatz, Germany Fax: +49-7522-8929 


; 1600 Wyatt Drive, Suite 3 Terry Hepner Certified 
Stag Micro Systems, Inc. Santa Clara, CA 95054 (408) 988-1118 ZL30A 
Strebor 1008 North Nob Hill Drive Larry Roberts Certified 
PML Support Only America Fork, UT 84003 (801) 756-3605 PLP-S1/S1A 
543 N.W. 77th Street Buddy Farmer : 
ByTek Boca Raton, FL. 33487 800-523-1565 Vendor to provide EQ. 
Pete, CAataEe (81 sar te 926 Vendor to provide equipment 


510 South Park Victoria Dr. «¢: 
System General P.O. Box 361898 ine 268 eB? an > ae 
Milpitas, CA 95036-1898 


: Young Oh 
Xeltek ssl tae th anole (408) 745-7974 Pending new update 
acta (800) 541-1975 
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| ACUGEN | DATA VO ISDATA LOGIC DEV 


ATGEN ABEL * LOG/IC CUPL* 


PL* 
Designer 


PHILIPS 


PRODUCT NAME SLICE 


| Rev | Rev | Rev 
[iowmeves [v0 6 [ew [1] | «m [a 
Se A TC 
a A A CC SC 
a EP SCO 
pleavioroas | 105 | 18 | 2a7_| 31 | 94 | ena | 30 
ee 
reuusieis70 [10 [te fear fas YR 
Ppuustene7o [tof 16 | ea a1_| 33 [10m [ar 
Puustene70 [| 10_| 16 | ea [a1 | 33 [ 10" [an 
Ppuustene7o +f tof 16 | ear [a1 | 33 [10 [an 
Se A A SC TCM 
rpuuscone7O [tof 16 | ea a1_[ 33 [20a fan 
rpuuscone70 [10 +f 16 | ear [a1 | 33 [20a [ar 
rpuuscone7o [of 16 ea fat [33 [20a fan 


PLA DEVICES 


PLS100 

PLS101 
PLS153/153A 
PLS173 
PLUS153-10/D/B 
PLUS173-10/D/B 


PLS DEVICES 


PLC415-16 
PLO42VA12 
PLS105/105A 
PLS155 

PLS157 
PLS159A 
PLS167/167A 
PLS168/168A 
PLS179 
PLUS105-55/-45 
PLUS405-55/-45/-37 


PML DEVICES 


hm] rm] rm} wp] 
Se ee ee Se 2 2 


2.0A 
2.0A 
2.15A 
2.15A 
2.15A 
2.1A 


2.47 
2.47 
2.47 
2.47 
2.47 
2.47 


3.3 
3.3 


fo) 


ee ee ee ee Se ee 
w 
w 


ee 
w 


4.0A 
4.2A 
2.0A 
2.0A 
2.0A 
2.0A 
2.0A 
2.1A 
3.0A 
3.0A 


ie) 


Jd Bd ! ! 
—| © — —_ _ 


2.47 
2.47 
2.47 
2.47 
2.47 
2.47 
2.47 
2.47 
2.47 
2.47 
2.47 


—s 


0 


on 


ie) 


5 


_ 
Ph 


05 
3.1 


ws 
fo) 
ee See Se Se 
@] G@] G] co] o 
wo Co} CO] Co} Go] WD] 
wi wl] wl wi] w] wl wl] w 
wo 
fo) 
> 


3.1 3.3 


puussovsor =] oT te] za7 Tt TT ea | 
PML2552-35/-50 Re ee es es Gs 
pMizesoasrso_| 105 | 18 [| - | - | - | - | - 


®PAL is a registered trademark of Advanced Micro Devices, Inc. 
* See individual software guide. 
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Third-party software support 


ABEL 

Data I/O Corporation 

10525 Willows Road N.E. 
P.O. Box 97046 

Redmond, WA 98073-9746 
Telephone: (206) 881-6444 


PART NUMBER TYPE PACKAGE | PINS DEVICE FILE 


ABEL REV. 
3.1 


10020EV8 EC20EV8A 
10020EV8 EC20EV8AC 
10H20EV8 EC20EV8A 
10H20EV8 EC20EV8AC 
PHD16N8 P16N8 
PHD16N8 P16N8 
PHD48N22 P48N22 
PL22V10 P22V10 
PL22V10 P22V10C 
PLC 18V8Z P18V8Z 
PLC 18V8Z P18V8Z 
PLC415 F415 
PLC415 F415 
PLC42VA12 F42VA12 
PLC42VA12 F42VA12 
PLHS501 PML501 
PLS100 F100 
PLS100 F100 
PLS101 F100 
PLS101 F100 
PLS105/105A F105 
PLS105/105A F105 
PLS153/153A F153 
PLS153/153A F153 
PLS155 F155 
PLS155 F155 
PLS157 F157 
PLS157 F157 
PLS159A F159 
PLS159A F159 
PLS167/167A F167 
PLS167/167A F167C 
PLS168/168A F168 
PLS168/168A F168C 
PLS173 F173 
PLS173 F173C 
PLS179 F179 
PLS179 F179C 
PLUS105 F105 
PLUS105 F105 
PLUS153 F153 
PLUS153 F153 
PLUS16L8 P16L8 
PLUS16L8 P16L8 
PLUS16R4 P16R4 
PLUS16R4 P16R4 
PLUS16R6 P16R6 
PLUS16R6 P16R6 
PLUS16R8 P16R8 
PLUS16R8 P16R8 
PLUS173 F173 


PLUS173 F173C 


®PAL is a registered trademark of Advanced Micro Devices, Inc. 
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ABEL — Data I/O Corporation (CONTINUED) 


PART NUMBER TYPE oe ee DEVICE FILE ABEL REV. 


PLUS20L8 P20L8 
PLUS20L8 P20L8C 
PLUS20R4 P20R4 
PLUS20R4 P20R4C 


PLUS20R6 P20R6 
PLUS20R6 P20R6C 
PLUS20R8 P20R8 
PLUS20R8 P20R8C 
PLUS405 F405 
PLUS405 F405 
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Third-party software support 


CUPL 

Logical Devices, Inc. 

1201 N.W. 65th Place 

Ft. Laudedale, FL 33309 
Telephone: (305) 974-0967 


PART NUMBER DEVICE MNEMONIC | #PINS == | #FUSES # OF P-TERMS CUPL REV. 
80 


10020EV8 P1020EV8 24 

10H20EV8 P1020EV8 24 80 
82S100 F100 28 48 
82S101 F100 28 48 
82S105/105A F105 28 48 
82S153/153A F153 20 42 
PHD16N8 P16N8 20 16 
PHD48N22 F48N22 68 73 
PLC 18V8Z F18V8Z 20 72 
PLC415 F415 28 68 
PLC42VA12 F42VA12 24 10 
PLHS501 F501 52 

PLS100 F100 28 48 
PLS101 F100 28 48 
PLS105/105A F105 28 48 
PLS153/153A F153 20 42 
PLS155 F155 20 43 
PLS157 F157 20 43 
PLS159A F159 20 43 
PLS167/167A F167 24 48 
PLS168/168A F168 24 48 
PLS173 F173 24 42 
PLS179 F179 24 43 
PLUS105-45/-55 F105 28 48 
PLUS153B/D/-10 F153 20 42 
PLUS16L8D/-7 F16L8 20 64 
PLUS16R4D/-7 P16R4 20 64 
PLUS16R6D/-7 P16R6 20 64 
PLUS16R8D/-7 P1ER8 20 64 
PLUS173B/D/-10 P173 24 42 
PLUS20L8D/-7 P20L8 24 64 
PLUS20R4D/-7 P20R4 24 64 
PLUS20R6D/-7 P20R6 24 64 
PLUS20R8D/-7 P20R8 24 64 
PLUS405 F405 28 64 
PL22V10 P22V10 24 
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PLDesigner 

Minc, Incorporated 

6755 Earl Drive 

Colorado Springs, CO 80918 
Telephone: (719) 590-1155 


PLS100 A100 DIP/PLCC 
PLS101 A100 DIP/PLCC 
PLS153/153A A153 DIP/PLCC 
PLUS153 A153 DIP/PLCC 
PLS173 A173 DIP/PLCC 
PLUS173 A173 DIP/PLCC 
10020EV8-4 P20EV8 CDIP/PLCC 
10H20EV8-4 P20EV8 CDIP/PLCC 
PLUS16L8 P16L8 DIP/PLCC 
PHD16N8-5 P16N8 DIP/PLCC 
PLUS16R4 P16R4 DIP/PLCC 
PLUS16R6 P16R6 DIP/PLCC 
PLUS16R8 P16R8 DIP/PLCC 
PLC 18V8Z35 P18V8S DIP/CDIP/PLCC 
PLUS20L8 P20L8 DIP/PLCC 
PLUS20R4 P20R4 DIP/PLCC 
PLUS20R6 P20R6 DIP/PLCC 
PLUS20R8 P20R8 DIP/PLCC 
PL22V10 P22V10 DIP/PLCC 
PLS105/105A $105 DIP/PLCC 
PLUS105 $105 DIP/PLCC 
PLS155 $155 DIP/PLCC 
PLS157 $157 DIP/PLCC 
PLS159A S159 DIP/PLCC 
PLS167/167A S167 DIP/PLCC 
PLS168/168A S168 DIP/PLCC 
PLS179 $179 DIP/PLCC 
PLUS405 S405 DIP/PLCC 
PLC415 S415 DIP/CDIP/PLCC 


April 1992 533 


Philips Semiconductors Programmable Logic Devices 


PLD software vendors contact guide 


PRODUCT 


*Philips Semiconductors 
SNAP 


ACUGEN 
Software, Inc. 
ATGEN 


Data I/O 
ABEL 


Logical Devices 
CUPL 


Daisy/Cadnetix 
PLD Master 


MINC 
PLD Designer 


Mentor Graphics Corp. 
PLD Synthesis 


OrCAD Systems 
ORCAD/PLD 


ISDATA LOG/ic 


Logic Automation 


LOCATION 


811 E. Arques Avenue 
Sunnyvale, CA 94088 


427-3 Amherst St., Ste. 391 
Nashua, NH 03063 


10525 Willow Rd., N.E. 
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PAL devices 


INTRODUCTION 

Philips Semiconductors provides 
state-of-the-art industry standard PAL® 
devices, both bipolar and CMOS. The range 
of offers spans the entire gamut of 
performance options; zero-standby power 
generic devices specified over the 
commercial, industrial and military 
temperature ranges, or the ultimate in high 
speed, an ECL compatible 20EV8 device. 
Almost every option in between is also 
offered. 


The PAL architecture consists of a 
programmabie AND array, followed by a fixed 
OR array as shown in Figure 1. The 
somewhat rigid architecture lends itself to 
less complex, narrower logic functions. There 
are three basic PAL-type device 
configurations. The XXL8 devices are strictly 
combinatorial. The XXRX series offers a 
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range of registered and combinatorial 
outputs. 


The XXV8 series is considered to be generic 
in nature, in that the output macros are 
variable (hence the “V”) as combinatorial or 
registered. Most frequent applications include 
counters and shifters (the RX series), and 
small decoders and multiplexers (the L8 
series). 


The 22V10 is a popular PLD architecture. 
Philips Semiconductors offers both CMOS 
and BiCMOS versions of this device. The 
PL22V10 is an electrically erasable CMOS 
implementation. The PLQ22V10 is a 
low-noise, high-speed BiCMOS version with 
additional improved circuit characteristics. 


In addition to the standard devices just 
described, Philips Semiconductors also offers 
devices tailored for specific applications. The 
PHD48N22 is an expanded high-speed 
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Figure 1. PAL Architecture 


®@PAL is a registered trademark of Advanced Micro Devices, Inc. 
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PAL-type architecture device, with up to 48 
inputs, 22 outputs and a 7.5ns propagation 
delay, it is optimized for very wide decoding 
applications. Another decoder, the PHD16N8 
is optimized for decoding speed by removing 
the OR array. 


If you are designing using ECL, Philips 
Semiconductors offers the 
10H20EV8/10020EV8. This device provides 
8 outputs which may be individually 
configured for registered or combinatorial 
operation. It also features ultra high-speed 
operation with a tpp of 4.5ns and a fax of 
108MHz. An application note in this section 
demonstrates how to implement various 
circuits in a 20EV8 device. 


Industry standard software can be used with 
Philips Semiconductors PAL-type devices. 
Full support is also provided via the Philips 
Semiconductors SNAP Design software. 
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PAL devices 


The PLUS16L8D and —7 

The PLUS16L8D and —7 PAL-type devices 
are functionally identical to other 
commercially available 16L8 PAL ICs. 
Figure 2 shows an extremely simplified 
version. Less flexible than a PLA, the 
PLUS16L8D/-7 provides raw speed and 
current drive so important for driving SRAM 
arrays on RISC processors or the 
control/data lines on rapid bus structures. 
The PLUS16L8D has a worst-case 
propagation delay of 10ns. The worst-case 
tpp of the —7 is 7.5ns. 24mA output drive is 
guaranteed. 


The PLUS16L8D/—7 have seven product 
terms per OR function and one per 3-State 
control. Six of the eight outputs can be 
configured as inputs or outputs. The 
PLUS16L8D/~7 are available in 20-pin plastic 
DIL or 20-pin PLCC packages. 
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Figure 2. PLUS16L8 (D and —7) 
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PAL devices 


The PLUS16R8D and —7 

The PLUS16R8D and -7, like the 
PLUS16L8D and -7 is identical to other 
manufacturers’ registered PAL devices. The 
parts have eight inputs, eight outputs, and 
eight D-flip-flops. Each flip-flop feeds an 
output pin through a 3-State buffer. The 
output of each D-flip-flop, Q, is also fed back 
to the AND array. Each output is capable of 
driving 24mA Io, max, with all ouputs 
simultaneously asserted. 


The PLUS16R8D has a worst-case 
propagation delay of 10ns. The worst-case 
tpp of the —7 is 7.5ns. The PLUS16R8D and 
—7 are available in 20-pin plastic DIP and 
20-pin PLCC. 
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Figure 3. PLUS16R8 (D and -7) 
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PAL devices 


The PLUS20L8D and —7 

The PLUS20L8D and —7 devices have 14 
inputs, two dedicated outputs and six 
bidirectionals. The tpp are 10ns max and 
7.5ns max, respectively. The 24mA of output 
low current of these devices can drive 
capacitive address line inputs and pc-board 
traces through long layouts. This makes the 
particularly suitable for driving SRAM, video 
DRAM, and FAST dynamic RAM arrays in 
32-bit microprocessor environments. 


Identical to other commercially available 20L8 
PAL devices, the PLUS20L8D and —7 have 
56 functional product terms which are 
hard-wired to eight OR gates. Each OR gate 
drives an Active-Low output. The 3-State 
control of each output is from a dedicated 
AND product term. 


The worst-case propagation delays for the 
PLUS20L8D and 20L8-7 are 10ns and 7.5ns, 
respectively. 


Figure 4. PLUS20L8 (D and -7) 
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PAL devices 


Figure 5. PLUS20R8 (D and -7) 


The PLUS20R8D and —7 

The PLUS20R8D and —7 are 24-pin versions 
of the 16R8 PAL device. With propagation 
delays of 10ns and 7.5ns max, the parts 
deliver 24mA of output low current drive. 
Eight D-flip-flops share a common clock and 
output enable line. The output of each flip-flop 
is dedicated to a separate output pin and is 
also fed back to the AND array. 


The PLUS20R8D and -—7 are available in 
24-pin plastic DIL and 28-pin PLCC. 
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The PLC18V8Z 

The PLC18V8Z is a multi-function, generic 
PAL-type device. It is pin-compatible with, 
and can replace 22 different 20-pin registered 
and combinatorial PAL devices. To 
accomplish this, the conventional ‘single 
function’ output pin has been replaced by a 
configurable Output Macro Cell. Each Macro 
Cell contains a D-flip-flop or a combinatorial 
\/O path. Output polarity and 3-State control 
functions are also individually configurable. 


541 


Each OMC is fed by nine AND product terms, 
which are hard-wired in the classic PAL 
fashion. 


One of the key features of the part is its 
ability to sink 24 milliamps lo,, compatible 
with other bipolar PAL devices—yet still 
comply with internal CMOS circuitry. The UV 
erasable version is available in 20-pin 
ceramic DIL with a quartz window. 
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10H/10020EV8 high-speed (4.4ns) ECL PLD 
NS ea Rn SSS SR ST 


INTRODUCTION 

ECL designers have never had enough chips 
to complete high performance designs. 
Period. The TTL and CMOS designers 
always had full MSI and LSI catalogs to rely 
on, and the ECL guys only had a handful of 
chips, to solve the hardest technological 
problems yet! But, that's all changed with the 
introduction of the Philips Semiconductors 
PAL™ 20EV8. Here's how. 


Philips Semiconductors 10H/10020EV8 PAL 
devices are two 24-pin PLDs which can be 
configured to perform a whole catalog of 


parts in just two ICs. Whether you need to do 
simple decoding, multiplexing, counting, 
shifting or form complex state machines, 
these extraordinary parts can do it all. You 
can think of them as equivalents to these 
valuable functions, or as an empty canvas to 
paint your own catalog on. Don't be frustrated 
by the nonavailable entries in your ECL 
catalog, go ahead and roll your own! 


Designers don't have time to read lengthy 
application notes, so this one was created to 
show you exactly how to make the basic 


SNAP RESOURCE SUMMARY DESIGNATIONS 


RESET} 
“CLK: 


“OLMREG - 


PROGRAMMABLE AND ARRAY 
(90 x 40) 


Output Logic Macrocell 


PAL is a registered trademark of Advanced Micro Devices. 


ABEL Is a trademark of Data I/O Corporation. 
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Application Note 


AN043 


functions you'll probably need. First, there is 
a single page description of the parts. Then, 
there is a series of four application briefs 
showing the exact equations, pinning, internal 
resource usage and simulation files for the 
basic mux, decoder, shifter and counter. 
These design files are created using Philips 
Semiconductors SNAP and SLICE syntax, 
which is simple: *=AND, +=OR and 
/=|INVERT. These products are also 
supported on Data I/O ABEL™, which has a 
similar syntax. 


/ LU 
-DFFEVS, ¥ 
-OLMDIR, - 0 -OUTEV8: 0 Vie ° oareve 0 pareve V “OUTEVS =: O : ounce : Y Vi 0 -OUTEV8 
-OLMINY, |: 


ia es 
F F 
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Al 
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ASYNCHRONOUS RESET 
ASYNCHRONOUS PRESET 


INPUT LINES 


Qoreeesen Or eseoessoee- Q OP eeeseecoe,._ QO%eeeeoeoos,. QQ Of eeecocoes,. Qoreeeeen. Qoereeeeen. 
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Programmable connections 


10H/10020EV8 LOGIC DIAGRAM 
: ; Al unprogrammed or virgin "AND" gate locations are pulled to logic "0" 
3. ‘Pinout for F Package 


NOTES: 
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Design Brief #1: Three-To-Eight Decoder Using SNAP/SLICE 


@PINLIST 


AO Iz;Al TsA2 IT: 
OUTO O;OUT1 O;O0UT2 0O;0UT3 O;OUT4 
0O;OUTS5 O;OUT6 O;O0UT 7 O; 


@GROUPS 

@TRUTHTABLE 

@LOGIC EQUATIONS 

OUTO = ( /A2* /A1* /AO); 
OUT1 = ( /A2* /A1* AO); 
OUT2 = ( /A2* Al* /AO); 
OUT3 = ( /A2* Al*~ AO); 
OUT4 = ( aA2* /Al* /AO); 
OUTS = ( aA2* /Al* AO); 
OUT6 = ( A2* Al* /AO); 
OUT7 = ( A2* Al* AO); 


@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRANSITIONS 


PIN FILE 


Design Brief #1: Three-To-Eight Decoder Using ABEL 


module decode; 
decode device ‘ec20ev8a’ ; 
a0,al,a2 pin 1,2, 9; 
out0O, outl,out2,out3 pin 4,5,7,8; 
out4, out5, out6, out7 


inputs = [a2,al,a0]; 


H,L = 1,0; 
equations 
outO = ! (inputs==0) ; 


outl = ! (inputs==1) ; 
out2 = ! (inputs==2) ; 
out3 = ! (inputs==3) ; 
out4 = ! (inputs==4) ; 
out5 = ! (inputs==5) ; 
out6é = ! (inputs==6) ; 
out7 = ! (inputs==7) ; 


test vectors 


{ [inpute j] = [outO ,outl ,out2, 
[ 0 J —_ { L , &#A ,H 
[ 1 ] ae [ H , FL «i 
[ 2 J — {[ H ~— - 2 
[ 3 J —— {[ H ~, ,H 
[ 4 | —_ { H >, FH ,8 
[ 5 [| en a [ H , BH ,8 
[ 6 J —-n [ H » Ew wat 
[ 7 J —_ [ H , ,H 
[ 0 : re { L H H 


. 


end 
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DESIGN FROM DECODE.N2 FOR 
DEVICE 10X20EV8 
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10H/10020EV8 high-speed (4.4ns) ECL PLD AN043 


Design Brief #2: Dual Four-to-One MUX with SNAP/SLICE 


@PINLIST 
AO I;Al I;BO I;Bl I;CO I;Cl I;D0O I;D1 I;SEL I; 
OUTO O;O0UT1 O;0UT2 0O;0UT3 O;0UT4 O;0UT5 O;O0UT6 O;O0UT 7 O; 


@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 
OUTO = AO*SEL + Al*/SEL; “MUX AO-DO ON SEL, A1-D1 ON /SEL” 
OUT1 = BO*SEL + B1*/SEL; 
OUT2 = CO*SEL + C1*/SEL; 
oUT3 = DO*SEL + D1*/SEL; 
ouT4 = A1*SEL + A0*/SEL; “DATA SWAP FROM ABOVE METHOD” 
ouT5 = B1*SEL + BO*/SEL; 
OUT6 = C1*SEL + C0O*/SEL; 
OUT7 = D1*SEL + DO*/SEL; 
@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRANSITIONS 
DESIGN FROM MUX.N2 FOR 
PIN FILE DEVICE 10X20EV8 
[ceit Hane [eearaoten [4 
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10H/10020EV8 high-speed (4.4ns) ECL PLD AN043 


Design Brief #2: Dual Four-to-One MUX Using ABEL 


module mux; 


mux device ‘ec20ev8a’ ; 


sel pin 16; 
a0,b0,c0.d0 pin 1,9,11,14; 
al,bl,cl,dl pin 2,10,13,15; 
outo, outl, out2, out3 pin 4,5,7,8; 
out4, out5, out6, out7 pin. 17,18,20,21; 


“mux a0-d0 to out0O-out3 on sel== 
“mux al-dl to out4-out7 on sel== 
“mux a0-d0 to out4-out7 on sel== 
mux al-dl to out0-out3 on sel== 


outl = [out0..out3]; 
outh = [out4..out7]; 
inl = [a0,b0,c0,d0]; 
inh = [al,bl,cl,dl]; 
equations 


when (sel==1) then outl=inl; 
when (sel==1) then outh=inh; 
when (sel==0) then outl=inh; 
when (sel==0) then outh=inl; 


test vectors 


( {sel,inl,inh ] —~> [outl, outh]) ; 
fi, “ho “nt } =— (“ho , “hf]; 
(i, “ha ,“bS {| -—~ (“ha , “h5]; 
(fo, “no ,“hf 1 -— (“ho , “hf]; 
(0, “ha ,“hS5 ] —~> (“ha , “h5]; 
a, “a ht } = (“hl , “h8]; 

end 
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10H/10020EV8 high-speed (4.4ns) ECL PLD AN043 


Design Brief #3: 8-bit Counter Using SNAP 


@PINLIST 
CLOCK I;RESET I; 
OUTO O;OUT1 O;OUT2 O;O0UT3 0O;O0UT4 0O;0UT5 O;OUT6 O;OUT 7 O; 


@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 
OUTO.D = /outTo; 
OUT1.D = /OUTO*OUT1 

+ OUTO*/OUT1; 
OUT2.D = /OUT2*OUT1*OUTO 

+ OUT2*(/OUT1 + /OUTO); 
OQUT3.D = /OUT3*OUT2*OUT1*OUTO 

+ OUT3*(/OUT2 + /OUT1 + /OUTO); 
OUT4.D = /OUT4*OUT3*OUT2*OUT1*OUTO 


+ OUT4*(/OUT3 + /OUT2 + /OUT1 + /OUTO) ; 
OUT5.D = / OUTS *OUT4*OUT3 *OUT2*OUT1*OUTO 
+ OUT5*(/OUT4 + /OUT3 + /OUT2 + /OUT1 + /OUTO); 


OUT6.D = /OUT6*OUTS5 *OUT4 *OUT3 *OUT2*OUT1*OUTO 

+ OUT6*(/OUTS + /OUT4 + /OUT3 + /OUT2 + /OUT1 + /OUTO) ; 
OUT7.D = /OUT7*OUT6*OUTS *OUT 4 *OUT3 *OUT2*OUT1*OUTO 

+ OUT7*(/OUT6 + /OUTS5 + /OUT4 + /OUT3 + /OUT2 + /OUT1 + /OUTO) ; 
OUTO.CLK = CLOCK; OUT1.CLK = CLOCK;OUT2.CLK = CLOCK;0OUT3.CLK = CLOCK; 
OUT4.CLK = CLOCK; OUT5.CLK = CLOCK;OUT6.CLK = CLOCK;OUT7.CLK = CLOCK; 
OUTO.RST = RESET; OUT1.RST = RESET;OUT2.RST = RESET;OUT3.RST = RESET; 
OUT4.RST = RESET; OUT5.RST = RESET;OUT6.RST = RESET;OUT7.RST = RESET; 


@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRANSITIONS 


DESIGN FROM COUNTER.N2 
PIN FILE FOR DEVICE 10X20EV8 


Pint OUT? 
Pin8 OUT3 
Pinl7y = OUT4 


OLMDIR 
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10H/10020EV8 high-speed (4.4ns) ECL PLD AN043 


Design Brief #3: 8-bit Counter Using SNAP (continued) 


Output of Waveform Version 1.80 


Date: 01/20/92 Time: 17:26:48 


Input File Name 2 COUNTER.SCL 
Rule File Name : Scl Rule 
Output File Name H COUNTER.SCL 


P RESET, CLOCK, OUTO, OUT1, OUT2, OUT3, OUT4, OUT5, OUT6, OUT7 
PCO 

S 0 (40) RESET 

S 0 (7,14, ETC) CLOCK 

SU time = 5220 

F 


File: counter.res Delay = Ons Marker = Ons Sec/Div = 20ns 
(Model) 


RESET 


CLOCK 


OUTO 


OUT1 


OUT2 


OUT3 


OUT4 


OUTS 


OUT6 


OUT7 


20 60 100 140 180 220 


PHILIPS © 1992 WFA 1.80 MODE = 1 PI : HELP, F110 += EXIT 
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10H/10020EV8 high-speed (4.4ns) ECL PLD AN043 


Design Brief #3: 8-bit Counter Using ABEL 


module count; 
countb device ‘ec20ev8a’ ; 
clock, reset pin. 3, i; 


out0O, outl, out2, out3 pin 4,18,21,8; 
out4, out5, out6, out7 pin 17,5, 20, 7; 


[out7..out0]; 
(1,0, .C.; 


equations 


count := count + 1; 
count.ar = !reset; 


test vectors 


( [clock ,reset ]—~ count) ; 
[ Lb ,; & ; iad 0; 
[ ¢ ,t id 0; 
[ Cc ,H j-~ 1; 
[ c 5 ae | ae 
[ . Pe | iat 3} 
[ Cc ,H i 4; 
[ ¢ _H | meme ae 
[ c _H | head aed 6; 
[ Cc ,H ied 7: 
[ c ,H = 8; 
[ c Pe: | ed se 
[ C ,H | il 10; 
[ Cc 7H | 11; 
[ Cc ,H ] 12; 
[ Cc i ] 0; 


end 
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10H/10020EV8 high-speed (4.4ns) ECL PLD AN043 


Design Brief #4: Octal Shifter Using SNAP 


@PINLIST 
CLOCK I;DATIN I;RESET I; 
OUTO O;OUT1 O;OUT2 O;OUT3 O;O0UT4 O;O0UTS5 O;OUT6 O;OUT 7 O; 


@GROUPS 

@TRUTHTABLE 

@LOGIC EQUATIONS 

OUTO.D = DATIN; 

OUT1.D = OUTO; 

OUT2.D = OUT1; 

OUT3.D = OUT2; 

OUT4.D = OUTS; 

OoUT5.D = OUT4; 

OUT6.D = OUTS; 

OUT7.D = OUT6; 

OUTO.CLK = CLOCK; OUT1.CLK = CLOCK;OUT2.CLK = CLOCK;OUT3.CLK = CLOCK; 
OUT4.CLK = CLOCK; OUT5.CLK = CLOCK;OUT6.CLK = CLOCK;OUT7.CLK = CLOCK; 
OUTO.RST = RESET;OUT1.RST = RESET;OUT2.RST = RESET;OUT3.RST = RESET; 
OUT4.RST = RESET;OUT5.RST = RESET;OUT6.RST = RESET;OUT7.RST = RESET; 


@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRANSITIONS 


DESIGN FROM SHIFTER.N2 FOR 
PIN FILE DEVICE 10X20EV8 


[esi vase [osea/aorai | + 
om 
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10H/10020EV8 high-speed (4.4ns) ECL PLD AN043 


Design Brief #4: Octal Shifter using SNAP (continued) 


Output of Waveform Version 1.80 


Date: 01/20/92 Time: 17:15:42 


Input File Name : SHIFTER. SCL 
Rule File Name : Scl Rule 
Output File Name : SHIFTER .SCL 


P RESET, DATIN, CLOCK, OUTO, OUT1, OUT2, OUT3, OUT4, OUTS, # OUT6, OUT7 
PCO 

0 (80) RESET 

0 (40,220,1640) DATIN 

0 (100,200,ETC) CLOCK 

1 (5880) vcc 

0 (5880) GND 
U time = 5880 


MNNNNNN 


File: shifter.res Delay = Ons Marker = Ons Sec/Div = 100ns 
(Model) 


RESET 


DATIN 


CLOCK 


OUTO 


OUT1 


OUT2 


OUT3 


OUT4 


OUTS 


OUT6 


PHILIPS © 1992 WFA 1.80 MODE = 1 Fl: HELP, FiO <« EXIT 
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10H/10020EV8 high-speed (4.4ns) ECL PLD AN043 


Design Brief #4: Octal Shifter Using ABEL 


module shift; 
shifter device ‘ec20ev8a’ ; 


clock, reset, datain pin 3, 1,2; 

outoO, outl, out2, out3 pin 4,5, 7, 8; 
out4, out5, out6, out7 pin, LT, 18,20, 21; 
output = [out7..out0]; 

H.-G = [1,0, a2 


output istype ‘buffer’ ; 


equations 

out0O.d = datain; 
outl.d = out0; 

out2.d = outl; 

out3.d = out2; 

out4.d = out3; 

out5.d = out4; 

out6.d = outS5; 

out7.d = outé6; 
{[output].ar = !reset; 


test_vectors 


( [clock, reset, datain J —- [outO ,outl ,out2 ,out3,out4,out5 ,outé6é ,out7 j); 
[ Oo , Oo , 0 7 =} — LG, & >; By @ ; & | & » Gj » & Ie 
[ «© , O , 1 ] wo} ff B&B, Fk, FE, hy b&b ; , OL » & Te 
© y 1 , 1 }] —" — B ;,» & ;, FB, By G&G ; BE , L » Te Fe 
t c;e , i; 0 ] —* £- G&G «§ B ; & » &B oe By, & >, 5 > mm Ye 
.<¢ , ~L ; 1 ;] =" {| BB « & « 8 ~« BD «- BB g & , L -s ix Fs 
[ e , 4 2 0 ]1™™ [f— Gb, 8B, GB, By, GB y bk , L , L 13 
r ¢€ ; a, ¢ 1 77> [| B, Lb, H, Bb, HH, & , , Lu Jd; 
; « , a «= 0 ] ~~, [— L, BH, Lb, BH, Lb, 8 » © , & Te 
i ©. : i ] ~~ [ BH, LL, H, LD, # , Lb , 4H , & Ts 
[ c , ; ar 0 j] 6, [— © ;, BE, & », 0B , & |; BE , L , H J]; 
fr <€ , o , 1 j =, {| &B,.h,;: Bs, & » & ; & , “D ,» i Tes 
r « , : aa 1 ] —?) —, BB, &, & , By by 5, > & de 
rf ¢ , : ae 1 | =" [ B , BB, & % & » BB ; & , L > & Fe 
f ¢€< , «x 1 iw-r {| BH , 8B», BH ~« Bh, By B » & >» Bb ij 
r <¢€ ., i» 1 i=" {( BH , BH «HB, 8 ,», & , b&b , L g & Ts 
[ ¢c , 1 , 1 ] —, [| H , H , H , H , H , L , L » ie 23 
[ c , L « 1 ] —,Y [| H , H , H , H , H , #B , L , L 12 
if «¢ , / _——— 1 } —~ [| HH, HH, H , H , H , BE , 4H » w@ 1¢ 
cf «¢c , a: » 1 ] —~”, [| H , H , H , H , H , BH , &# , BH J]; 
rf «¢€ ; o = C, 1 j 7} £[— b&b |» & ¢ & =« & » Bw « SE , L , G Wz 

end 


October 1993 552 


Philips Semiconductors Programmable Logic Devices 
AAS IOI OE LETITIA I OEE NE DRE RI EE CT AS TE EE NES TOS AE INS TSE ES 


PHD48N22 high speed (7.5ns) 


32-bit programmable decoder 
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INTRODUCTION 

Performance specifications for PLDs usually 
include simple parameters like tpp and fax. 
These values oversimplify PLD performance. 
Specifying the reaction time for an output pin 
to an input signal (tpp) is important, but tpp 
doesn't tell the whole story. Similarly, the 
flip-flop fax shows only the maximum upper 
limit toggle rate. Neither number tells whether 
the PLD can even solve the problem at hand. 
To get that answer, the designer has to go 
beyond these simple parameters and 
investigate the design’s exact needs. 


THE DECODE PROBLEM 


A recent computer architecture book 
(Hennesy and Patterson) shows several 
guidelines for fast processor design. These 
principles are commonly associated with 
RISC processors. 


The primary guideline is simple: make the 
common case fast. For microprocessors, this 
means make the basic machine cycle as fast 
as possible. Since the basic cycle is repeated 
continuously, it defines nearly 100% of what 
the processor is doing. 


Trimming time off the basic instruction cycle 
results in the single highest payoff. This is 
simple, right? Take the instruction cycle to 
zero wait states and the problem is solved. 
The problem more often yields to a quicker, 
universal solution — money! Put the fastest 
possible high speed memory into the 
processor — memory loop and the design is 
done. Naturally, there are always competitors 
who try to make the same design for less 
cost. All designers must find trade-offs giving 
maximum speed for minimum cost. 


Getting a zero wait state solution for the 
lowest cost is the goal. Naturally, the 
cheapest solution is also the slowest one. For 
this problem, the designer must use the 
slowest memory devices that meet the zero 
wait state goal. We'll focus simply on that 
goal. It gets more interesting if some 
transactions can be done with one or two wait 
states while others require zero. 


SOLVING THE PROBLEM 

What must be done? When the processor 
emits its address and control signals, the 
memory space should not respond until 
specific modules have been explicitly 
selected. This is the basic problem of fast 
address decode. 


Address decode has several dimensions: 
speed, resolution and current drive. Speed is 


® PAL is a registered trademark of AMD. 
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obvious: it is the simple tpp of the part — with 
the output reacting in the low direction to 
drive a RAM chip enable. Secondary issues 
include switching edge rates, reflections and 
contention. Current drive is the next important 
dimension because most small systems need 
at least 24mA (Io,) to drive an array of chip 
enables, and pc board traces. The resolution 
dimension is the most interesting for the 
following reasons. 


Today's high performance microprocessors 
have 32 address bits, along with several 
status and control bits. Careful decode may 
require as many as 36 or more distinct inputs 
to select bytes from the four gigabyte address 
space. In the past, it was acceptable to waste 
whole memory sections if chip decodes 
couldn't pack memory tightly. I/O regions 
were mapped into the memory space, leaving 
address gaps. Alternately, I/O device 
addresses would have repeated response 
regions in memory. Both solutions are less 
than desirable. 


This arrangement contradicts today’s 
prevailing design philosophy. Tight, 
contiguous memory regions are now 
desirable, while maintaining design freedom. 
Most software developers also resent giving 
up any memory space due to poor hardware 
design. 


How fast does address decode have to be? 
Today, 33MHz and 50MHz processors are 
being shipped. This sets memory cycles at 33 
and 20 nanoseconds, respectively. To get 
zero wait states Fast cache (at 20ns or less) 
is needed. Fast cache cost rises dramatically 
with 5ns speed increments. Suppose a 25ns 
cache were used on a 33ns cycle time. This 
leaves 8ns to decode and drive signal 
capacitance. For this analysis, we'll assume 
no line ringing or other electrical 
phenomenon. A decode propagation delay 
time below 7ns is needed. 


To solve this decoding problem, a new PLD — 
the PHD48N22 — has been developed with a 
minimal tpp and an adequate current drive. 
The PHD48N22 I/O structure (Figure 1) is its 
main strength. As the name implies, the 
PHD48N22 combines the potential for 48 
inputs with 22 outputs. Combining high-speed 
configurable NAND gates with a PAL® 
architecture, the PHD48N22 is dual 
optimized. It easily handles high speed 
SRAMs, EPROMs, DRAMs and //O. 


By decoding 32 bits of address lines and 
several control lines, the PHD48N22 
distinguishes reads from writes and I/O from 
memory to a byte level of resolution. This 
meets the needs of any system today. If the 


553 


Application Note 


ANO31 


22 outputs are not enough, another 
PHD48N22 can be added, to complete the 
system decode. Let's describe the part, 
showing some of its less obvious capabilities. 


A LOOK INSIDE THE PHD48N22 
Figure 1 is a logic diagram of the PHD48N22. 
It reveals three distinct logic regions, all 
connected to the main programming array. 
First, there are 18 AND gates, then there are 
three seven-input PAL sites and one 12-input 
PAL site. The speed of the paths which follow 
an input pin to an AND gate, inverter and 
output pin is shown in Figure 2 as solid dots. 
The speed path passing through the PAL 
sites is shown as hollow dots. 


The number of outputs driven versus tpp is 
also shown in Figure 2. The address decode 
function often needs only one output selected 
at any point in time, so it makes sense to 
show the speed with only one output driven. 
One output driven is the fastest configuration 
and is also a common case. Pyramided 
solutions that stack gates in series are 
unacceptable for very fast decode. 


Note that the PHD48N22 outputs are 3-State 
controlled with logic gates programmable 
from the array. These 3-State, controlled 
outputs permit PHD48N22 outputs to be 
wire-ANDed together. 


Wire-ANDing permits two important benefits. 
First, the logic function through the 
programmable AND gates becomes the 
NAND-AND when two outputs are joined. 
This connection is logically equivalent to the 
AND-OR-INVERT. The AND-OR-INVERT is 
exactly the logic function made by the 
PAL16L8. Second, wire-ANDing the gates 
can double the output drive to 48mA if the 
outputs are enabled by the same control 
logic. This approach avoids feeding an output 
back into the array just to drive another 
output, or serial buffering. Serial buffering 
increases time delay. Alternately, drive 
current can be split from different output pins 
instead of wire-ANDing them. Current 
splitting also increases time delay, but much 
less so than serial buffering. 


For designers that are reluctant to use the 
wire-AND, some logic flexibility can occur at 
the four PAL sites. The usual 
sum-of-products can be made at these sites, 
and the speed is acceptable for memory 
decode. The PAL sites are somewhat slower 
than the high speed AND paths, and are ideal 
for controlling the processor wait line for I/O. 


The PAL site outputs can also be 3-State 
controlled so the logic function can expand if 
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needed. Any mix of the PAL sites and the 
high speed AND gates may be had at the 
output pins, but the designer should be aware 
that the final output function is limited to the 
wire AND. This means that any low driving 
output signal dominates at the pin, if its 
3-State enable is asserted. 


A very simple policy for the use of the AND 
terms is to put the same logic function on the 
3-State controlling term as is applied to the 
AND gates’ logic inputs (Figure 3). Exotic 
enabling conditions can be made by using the 
seven input PAL sites to make and gate 
enable signals — wrapping around the part 
through the I/O pins. 


The gate resolution is variable up to 48 
inputs. Typically, designers will use 32 or 
fewer. Even with this, designers can resolve a 
single byte location out of a four gigabyte 
address space. Memory mapped I/O will no 
longer fragment an otherwise clean address 
space. It is possible to drop I/O registers 
(UAR‘/Ts, disks, etc.) right into the middle of a 
large memory space giving up no addresses 
except those needed for I/O select. 


BACK TO THE SYSTEM... 

A common practice today is to make memory 
and |/O devices shadow each other in the 
same address space. This is a cinch with the 
PHD48N22. 


The best address partitioning with the 
PHD48N22 is to simply use the fast AND 
paths to handle memory, and the PAL sites to 
handle I/O decode needs. The PAL sites can 
be used to control the wait line on the 
processor for slower decodes, handle 
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interrupt input lines, DMA requests, or 
whatever. 


OTHER APPROACHES 

It makes sense to consider the other 
solutions. Let's start with the way most 
designers have been solving the problem 
over the last few years. The most obvious 
way is fast PALs. Until recently, these parts 
offered the finest address resolution with as 
many as 21 inputs. This is the case with the 
22V 10, configured as an address decoder. 


The number of 22V10 I/O pins leaves much 
to be desired, as well as the best case speed 
of 7.5ns. The output current drive is also low 
— between 12mA and 16mA depending on 
the manufacturer. Similarly, 5ns PAL devices 
of other varieties have the current drive and 
speed, but not enough inputs and outputs. 


Considering other parts optimized for fast 
decode, the TIBPAD-6 is such a simple 
programmable NAND circuit. This part is 
pinned compatible to the PAL16L8, and has 
the requisite current drive, but not enough 
input pins. The Philips Semiconductors 
PHD16N8 is pin compatible and faster with a 
tpp of 5ns. The PHD16N8 is the little sister of 
the PHD48N22. A logic diagram is shown in 
Figure 8. 


The Xilinx LCA 4000 offers four quick 
decoders at 10ns and up to 60 inputs. The 
speed is 10ns and the output current is only 
12mA. If the output current must be 
increased with an extra buffer, the horserace 
is lost. Paralleling output pins uses up pins 
very quickly. 
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The Intel 85C508 offers a fast (7.5ns) 
registered comparator, but it again only 
provides 12mA of output current. None of 
these solutions offer a fully integrated system 
decoder in a single chip. 


MORE TRICKS 

The PHD48N22 can build up other functions 
than simple, fast address decoders. For 
instance, Figure 4 shows a 48N22 exploiting 
its input width working with a deep counter. 
When a decode value occurs on the counter 
outputs, the NAND gate generates a pulse to 
either reset or load the counter with a new 
value. 


Any value — from 1 to 16 bits (shown here) — 
can expand to 48 bits. 


Fancy latches can be built, or custom arbiters 
based on the configuration shown in Figure 5 
for multiple DMA contenders vying for 
selection. 


Other logic structures not needing the signal 
width are possible to build with a 48N22, if 
any pins and functions remains after its 
primary use is accomplished. Figure 6 shows 
a simple sum of logical products and Figure 7 
shows a multiplexer. Both require output 
signals fold back into the array and neither 
needs an external pull-up resistor. 


In conclusion, the most common way to use 
the 48N22 is in its intended configuration, as 
a very wide input high speed address 
decoder. Literally, any high performance 
microprocessor can be used with the 
PHD48N22 resulting in a fast, clean design. 
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Figure 1. PHD48N22-7 Logic Diagram 


2 BG SS oe Se Oe oe PS a Se EY SE 8 SE BG OD WY GD SH SAE GBD Sil AP By A Gs SE OS Ge GG Ge eS GE OBA? CAD Gab ED A, NS DST CRC OE GE NP Gee Ee GD GS (el CS! 
CAUP AUC GS OB GEA CAR A Oe OE AR CAR GA GAR CAR CACY AU Gee Ge Oe AA O00 A OS OS GP A 2 a A Ce GE 0 Le GE Ee ES SS SD ee Se 
300 000 GRO 201 GON OC AEE SD GB OC EE GS 8-0 CREAR GE OOK REE ORD GE OT GS SS) CO eS SO CE SO ES Os ee 


BEEEEE | LESS |] EGEEEEHT | | EEEEEESEEEER) || SD Eo eee eebeery [TET TLE ITED UTES Ter Tey TT ea TT TT TT TT 


20D OS BD 2 EE 8 OG 8 OY GED GE GS 0 OD 0 DS ED FOO OO OD OD eB GD 6 2 9 89S 1D AAD YA ONS 2A OE GOs IONE OP INGE OD 80G 1GE OAD Yt GAO Ofs GEE GE GS Se SP GE OF) GD GD GN Gee GES OP SC ED GS a Os eG 0 ee ee 0 ee 2 ee 
KUAR GAR GG CACO OF 8 UPA OCR Oe ER AO AUC A O25 02 Ge 8 GD OY AAA 00 AP A 0 AR O00 A A GAR OP RA OU RP PG AP A OO GG SD A ee ee 
OR 00 HCO GE Se RR KOR KON BE ACO ON a ORR OTR ON KO XC I 8 MB DC O00 301 Oat OUUIGT 00! FOO G0 700 IOS G00 FO8 JOU 205 OOS GOICUT OO ICO 00 GERD 1H BE OD BEETS 28 5 See GE GOO BE Gl GP OD A GS GR SOK Oe OC OD EO OS OS Oso EE Fe Ge EE O  ) Ge e Ge 


PEEREELS || GREE || EERE | | EERE, || bir bo poppet eer [| ket TERS TT ET Tey TT er TT [Tea TT TT tr 


OM OO XCD MF OD MC ONC O eC a CO CO tO OO SO CO XC ER OR ER OE C00 S01 GO GON OO GG) TOOK GD 300 GC BOO SGC GOO 360 O60 O01 OOL CO 3001 00 EP Gane OC: GED GED GD FOC GR MA) OO GS GS GS OC: ES Oe SE ee OS Os 
SOM OY a a ORR Oe OE hs eS OS SS BA i AE GS SS i GE APS EN GE Sd A) OS STS Os OS? DO OD Te ES GS EY (EES GE GS GD GE GE GP GEES C80 ee es (eS 
KORKO NK Se BS BOK COX OD a 6 COMOX 0 Oe Be GR ROK CO KO 2% O 2 SRS BB OD 2001 100 200) JOC 009 IGT OOD 2 OOS O01 GOT OD FOC 90 JOG IOS GOO JO OOS 3k SEPA 2B 706 SESE SE ES) CO Aga OE EN OO BS GES OC OO OO 2 2 2 ee ee ee Ge ee 0 ee ee Be Ss SS ee Ce 


BEEEE || EEE |] EEE || ECEEEREREEE | | So eo ere Poe Per Peer TT ET TET TTD TT ea Ter Te Te TT Tt 


KOWMO DiC GS GR GE OX CON OS AR GE GE CO 10D 0 GS Ge GE HOD XO KO 5X 0 2 ERP GRE OD 1001 00 300) 10C 000 INE GOO 36K AOC OO! 1OOt OD 1001 OD 300 100 O00 JO COC O01 EEED GH IOC GD GE SS OO GENS GE GE OO: BEES GES GH SOC BR GS SS OO RD GS GS OCs RS eS ee ee 
OSL EA Ph RR DR A AR ah ad Se RPS aE a EC a PDE FD SL EEE Ee ASA ESS Py he SS A (SG A Cs ee 
VAG AP GRR AAO 5 eR AU AAR A ee GE YAR URW A SY A a GE AA AAI AR OU RA A RA A A A a A A OW AA A) ee GD GP GR Gd OS A GG? A ee ee ee Se ee es SW GS es a 


PETER TREE TT EES UD OREREREEEEEEET [| Poche tobe bobbie Peep TT ea TT Ra TT Tea TTS Te Te TT TT ttt 


OMCO NOS Me Ge GEO WO HC ER GE BRP CO CO ERR OO CO CO 0 SE Rt BBB OC O00 20 GE 908 JOO OD: SOG OO 3G) IGE GOD SOC O00 30k Ot GG OCT GD FOC 0 GED SD GD Ox GEE GER GAD SOC GR AS GOO ES ON SO A GR De Oe ES SO GS EE 
MACAW. OS OS OY OD Ge ED a OO Gi AY ADS SS AS A Oa CaP ea Oa AO OS a AE BA GRE SO Ee SR OY A OS sO GG es GE Oe Gs SG GO ee Ge 
AV ACU AR OO PAO OU OP RAG AV AU AA On SR OB CAP AR Sd PP A AY A, EP A A BS A A A OC, Oa A 08S AP, GO GO 8 A Oe ee ee Ge Ge eG © Se Ge es 


Ba 5p es 
= as = Cae 2s ee 
ig CX ry 


SC GSES OY OD 6 2 GS GS GE 0 2 OGY 0 GEE 68 GE FOO YOO FOS Yt OD Ge OP GE 60 1 18 8 IN GAD SE ONS 3h GA GANA Of WHA BF StS tHe BAH Wht GAS OF! Gee GS OS wr Ge Ge a OP 
ROAKGARG A CRCGRO 2 GM GS GES UOAUGAG Gal Gs Gat ACCA CGA G2 A 0.2 Gun GS Gul Wu? KAAS S00 AAU OOO AA OUU IA SRA GU NAA A RAR 0 AAD AAU GG AA CPU Ge Gs GS AA Ge GO OU 


= 
I i 
A’ A: 


ara 
a 


— 


Programmable connections 


vT w 
- =- 


(22 - 0) SWH3L LONdOYd 


1. All unprogrammed or virgin “AND" gate locations are pulled to logic “O" 


NOTES: 
2.28 


555 


February 1990 


Philips Semiconductors Programmable Logic Devices Application Note 


PHD48N22 high speed (7.5ns) ANO31 
32-bit programmable decoder 


PROPAGATION DELAY — ns 


11.4612 #13 «#14 «15 #16 «#17 «218~«192°=«20~=«21~=«22 


NOTE: ° = OR Outputs TEST CONDITIONS: Tanb = 75°C: 
@ = B/O Outputs Voc = 4.75V;C, = 50pF; 
R, = 200Q; Ro = 390Q; 


Figure 2. Worst Case Propagation Delay vs. Number of Outputs Switching 
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Figure 3. Wire ANDing 
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OUT =AB+CD + EF 
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Figure 4. High Speed Count Decode Figure 6. Two-level Sum of Products 
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Figure 5. Wide Input Latches Figure 7. Four-input MUX 
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Figure 8. PHD16N8—5 Logic Diagram 
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1. All unprogrammed or virgin “AND” gate locations are pu to logic “0” 
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68030 ADDRESS DECODING 
Philips Semiconductors PHD48N22 decoder 
is not only very high speed but also has a 
very wide input structure. This combination 
allows high-performance systems to be 
constructed in a minimal space without 
sacrificing decoding resolution. The following 
example demonstrates the use of the 
PHD48N22 as well as the PHD16N8 in a 
33MHz 68030 system. 


This example uses one each 48N22 and 
16N8 PHD decoders to interface together a 
33MHz 68030 processor, 33MHz 68882 
Floating-Point Coprocessor, 128K bytes of 
35ns static RAM, 64K bytes of 200ns 
EPROM and a SCN2692 Dual port UART. 
Additional logic required amounts to only one 
16-pin and one 24-pin device. 
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The schematic is shown in Figure with SNAP 
listings of the PHD devices in Figures and. 
As can be seen from the schematic, the 
PHD48N22 handles all of the RAM, PROM 
and DUART decoding. Notice the number of 
68030 address lines input into the 48N22: 
A31 through A8 and A1 and AO. Depending 
upon the application, the 48N22 can decode 
down to the byte level in 6.5ns. The 
PHD16N8 decodes an early chip-select 
signal for the 33MHz 68882 FPCP in less 
than the required 5ns. 


Accesses to the RAM produce an immediate 
acknowledge (DSACK) from the 48N22 to the 
68030, allowing it to run full speed in 
asynchronous mode. Since the EPROM and 
DUART operate at a much slower speed than 
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the 68030, two additional devices, a 74F191 
counter and a 74F646 transceiver/register 
were used in this example. If either the 
EPROM or DUART are accessed, the 
counter will count CPU clock cycles and 
delay the 48N22’s assertion of DSACK 
signal. The 'F646 is used to quickly 3-State 
signals from the EPROM and DUART. Also, 
in conjunction with the counter and 48N22, a 
read of a DUART register first causes 
information to be read into a register of the 
F646, which is then read by the 68030 while 
the DUART’s output is disabled. This was 
done since a DUART specification (tawp) 
requires 200ns between reads or writes. 
Therefore, accesses to the DUART are 
controlled by the counter, 48N22, and 'F646. 
Software restrictions are not required. 
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@PINLIST 


“Signal names preceding with a ‘’n’ means active low signals” 


AO 

Al 

nAS 
Q3 

rc 

CLK 
A8 

A9 

A10 
All 
Al2 
Al13 
Al4 
A15 
Al16 
Al7 
Al8 
Al9g 
A20 
A21 
A22 
A23 
A24 
A25 
A26 


nCEN 
nBEN 
nRDN 
nWRN 
nDSACKOa 
nDSACKOb 
nDSACKOc 
nDSACK1 
nBERR 
nAVEC 
nCLKN 
nCTEN 
nWUMB 
nWLMB 
nWLLB 


Je Se Ve Fe Ve Ve Ne Se Fe Ne Ve Ve Ve Ve Ve Ve Ve Ve Ve Ve Ve Va Vo Ve Yo Ve Va Vo 


eo oNe 


Se Ne Be Ne Ve Ve Se Ve Ve Ve Ve Ve Ve Ve Va Ve Ve Ve Vea Veo Se Ve Yo Yeo Ve 


WHWWODOKDKDOKDKDOCOCOKCOOOWDWW WW WHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHARARARARaaz 


‘ee 


@LOGIC EQUATIONS 


PROMADR 
RAMADDR 
UARTADR 
UORPROM 


ASD 
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“RAM, PROM, and UART address definitions” 
/A31*/A30*/A29*/A28*/A27*/A26*/A25*/A24*/A23*/A22*/A21*/A20* 
/A19*/A18*/A17*/A16; 
/A31*/A30*/A29*/A28*/A27*/A26*/A25*/A24*/A23*/A22*/A21*/A20* 
/A19*/A18*/A17; 
/A31*/A30*/A29*/A28*/A27*/A26*/A25*/A24*/A23*/A22*/A21*/A20* 
/A19*/A18*/A17*A16*/A15*/A14*/A13*/A12*/A11*/A10*/A9*/A8; 
/A31*/A30*/A29*/A28*/A27*/A26*/A25*/A24*/A23*/A22*/A21*/A20* 
/A19*/A18*/A17; 

nAS * nASN; “eliminate hazard ANDing nAS with nCPU” 


Figure 2. PHD48N22-7 SNAP Listing (1 of 2) 
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“enables for DSACKO and DSACK1” 
nDSACK0a.oe (PROMADR*nCPU*ASD*Q3) ; “acknowledge PROM 8 bits” 
nDSACKOb.oe (UARTADR*nCPU*ASD*TC) ; “acknowlodge USART 8 bits” 
nDSACKOc.oe (RAMADDR*nCPU*ASD) ; “acknowledge RAM 32 bits” 
nDSACK1.o0e (RAMADDR*nCPU*ASD) ; “acknowledge RAM 32 bits” 


nASN = /nAS; “delay nAS” 


nDSACKOa / (PROMADR*nCPU*ASD*Q3) ; “acknowledge PROM 8 bits” 
nDSACKOb / (UARTADR*nCPU*ASD*TC) ; “acknowlodge USART 8 bits” 
nDSACKOc = / (RAMADDR*nCPU*ASD) ; “acknowledge RAM 32 bits” 
nDSACK1 = / (RAMADDR*nCPU*ASD) ; “acknowledge RAM 32 bits” 


“CPU address space decoding” 
nCPU = /(FCO*FC1*FC2) ; 
nAVEC = / (FCO*FC1*FC2*A19*A18*A17*A16) ; “interrupt ack forces autovector” 


“RAM output enable” 
nOE / (RAMADDR*nCPU*RW) ; “enable all RAM outputs upon read” 


“RAM write strobes” 

nWLLB / (RAMADDR*/RW*A1*A0*nCPU*ASD “directly addressed, any size” 
+RAMADDR*/RW*A0*SIZ1*SIZO*nCPU*ASD “old alignment, 3 byte size” 
+RAMADDR*/RW*/SIZ1*/SIZO*nCPU*ASD “any RAM address, long word size” 
+RAMADDR*/RW*A1*SIZ1*nCPU*ASD) ; “word aligned, word or 3 byte size” 


/ (RAMADDR* /RW*A1*/A0*nCPU*ASD “directly addressed, any size” 
+RAMADDR*/RW*/A1*/SIZ1*/SIZO*nCPU*ASD” word aligned, long word size” 
+RAMADDR*/RW*/A1*SIZ1*SIZO*nCPU*ASD “word aligned, 3 byte size” 
+RAMADDR*/RW*/A1*AO*SIZO*nCPU*ASD) ; “word aligned, word or long word” 


/ (RAMADDR*/RW*/A1*A0*nCPU*ASD “directly addressed, any size” 
+RAMADDR*/RW*/A1*/SIZ0*nCPU*ASD “word aligned,byte or 3 byte size” 
+RAMADDR* /RW*/A1*SIZ1*nCPU*ASD) ; “word aligned, word or long word” 


/ (RAMADDR* /RW*/A1*/AO*nCPU*ASD) ; “directly addressed, any size” 


“DUART and PROM address decoding” 
/ (UARTADR*nCPU*ASD) ; 


/ (UARTADR*nCPU*ASD*/Q3*RW) ; 
/ (UARTADR*nCPU*ASD*/Q3*/RW) ; 
/ (UORPROM*nCPU*ASD) ; “enable F646 for USART or PROM” 


/ (PROMADR*nCPU*ASD*RW) ; “F646 transparent for PROM, 
registered for USART” 


/ (UARTADR*nCPU*ASD*/TC “hold count upon TC for UART 
+PROMADR*nCPU*ASD*/Q3) ; ”“Q3 for PROM access” 


/ (CLK*nAS) ; “clock for F191” 


/ (nCEN*nWUUB*nWUMB*nWLMB*nWLLB*nOE*nCPU*nSAB*ASD) ;”nBERR if no access” 


Figure 2. PHD48N22-7 SNAP Listing (2 of 2) 
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@PINLIST 


FC2 
FCl 
FCO 
A19 
Al18 
Al7 
Al6é 
A15 
Al4 
Al3 
ncs 


se Se Se Ve e Ne Ve Ne Ne Ne 


OHHHHHHHHAHR 
. 


‘ee 


@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 


nCS.OE = 1; 


CPU FCZ * FCl * FCO; “cpu space” 
COPROCESSOR /A19 * /A18 * A1l7 * /A16; “coprocessor communications” 
CP_ID /A15 * /Al4 * Al3; “cp-id one” 


nCS = /(CPU * COPROCESSOR * CP_ID); 


Figure 3. PHD16N8-5 SNAP Listing 
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INTRODUCTION 

A common function in many systems is to 
convert parallel data into a serial data stream. 
A microcontroller may be programmed to shift 
a byte in a register out to a port, but this is a 
relatively slow procedure. A simple 
pre-loadable shift register could perform the 
basic conversion. However, for the function to 
be complete, additional circuitry to perform 
handshaking or control of the process is 
required. The entire function can be made to 
fit into a low cost Programmable Logic 
Device (PLD), including control circuitry 
tailored to meet specific application 
requirements. 


DESCRIPTION 

Figure 1 shows the desired waveforms for a 
typical implementation. First, a reset signal 
initializes the system and this circuit. Next, 
the parallel data to be serialized is applied to 
the device, possibly from a parallel port of a 
microcontroller, and a write strobe (WRS) 
signal pulsed. The PLD then raises a flag 
(BUSY) and puts the data, one bit at a time, 
on an output (SDAT) under control of a clock 
signal (CLK). Another output, (SCLK) is an 
inverted copy of the transmitting clock, 
ANDed with a control signal, so it only is 
active when data is actually being sent. It can 
be used by the receiving device to clock in 
the serial data. 


How does one get a PLD to perform such a 
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function? Preferably this design should fit into 
a simple, low cost device such as a 22V10 
type PLD. A 22V10 has ten outputs which 
may be individually configured to be 
registered or combinatorial. It is possible to 
make a two input multiplexer circuit in front of 
eight of the D-type flip-flops. It could then be 
configured to shift data or load parallel data 
upon a control signal and clock. However, to 
provide the output control signal BUSY and 
gate SCLK, a 3-bit counter will be required to 
indicate when the last bit of data is shifted 
out. That would bring the total registers in the 
design up to eleven, one more than a 22V10 
provides. Additionally, the write strobe (WRS) 
is a short duration asynchronous signal, so 
more circuitry is still required to synchronize it 
with the transmitting clock (CLK). 


Another method of serializing data is to use a 
multiplexer (8 to1 for this example) anda 
counter. The counter controls which bit is to 
be output from the multiplexer. A count of 
zero connects input IDO to the output, a count 
of one connects ID1, and so on. This will 
work only if the parallel input data is held 
stable throughout the serialization process. 
For this example, the data is applied from 
one port of a microcontroller and held stable 
until after the BUSY signal transitions from 
high-to-low, so a multiplexer will work for this 
case. An 8-to-1 multiplexer will use only one 
output, while the three-bit counter will use 


Figure 1. Desired Input and Output Waveforms 
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three outputs of a 22V10, which leaves us 
with six outputs for other functions. Let's use 
this technique to implement this example. 
Additional outputs are required for signals 
BUSY, SCLK, and some currently unspecified 
control signals. 


A counter may be constructed very easily 
using a SNAP syntax equation of: 
“COUNT.D=COUNT#1H;”. The “#” (pound) 
symbol means addition, the “.D” signifies an 
input to a D-type of flip-flop, and the “1H” is 1 
hexadecimal. So the equation is simply 
COUNT equals COUNT plus 1. The actual 
equation in Figure 3 contains another term, 
but more on that later. In addition to the D 
inputs of the flip-flops, it is necessary to 
describe the flip-flops clock and reset 
connections. Those are listed in lines 57and 
58 of Figure 3. 


A multiplexer is also very easy to describe 
using SNAP syntax Boolean equations. For 
an 8-to-1 multiplexer with output SDAT and 
inputs ID7-IDO it is: 


SDAT = IDO * (COUNT==0H) 
+ ID1 * (COUNT==1H) 
+ ID2 * (COUNT==2H) 
+ ID3 * (COUNT==3H) 
+ ID4 * (COUNT==4H) 
+ ID5 * (COUNT==5H) 
+ ID6 * (COUNT==6H) 
+ 1D7 * (COUNT==7H); 
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So far, we have a counter and multiplexer to 
serialize the data. The process of 
serialization begins with an asynchronous 
pulse on the write strobe input (WRS). It is 
therefore necessary to construct a latch to 
capture the pulse and then use two registers 
to synchronize the signal to the input clock. 
Figure 2 shows the desired operation of two 
intermediate signals Z and Z1. An extremely 
simple latch can be made with the equation: 
“Z = /WRS + 2”. Once set with WRS low, it 
could never be reset. An additional signal 
named GATE, will be used as an extra term 
in the latch to reset it. From the waveforms of 
Figure 2, a table of the three signals may be 
constructed. 
WRS 


GATE Z+ 


-O-0-0- O | N 


0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 


ooj}_-0— = = 


Z+ is the “next state” or what value output Z 
should be, given the current inputs and the 
current state of Z. From the table, a 
Karnough map may be constructed (shown 
above) and the equation 
“Z=/WRS+Z*/GATE;” derived. 


) 
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We have signal Z, which latches the input 
strobe, but we need to synchronize it to the 
input clock. That can be done with flip-flop Z1 
and the following flip-flop, GATE, described 
later. For Z1, the equation is simply: 
“Z1.D=Z;" Z1 is clocked by the rising edge of 
CLK. Z1’s output will go high upon the rising 
edge of CLK and Z high. It will go low upon a 
rising edge of CLK and Z low. 


According to the original waveforms of 

Figure 1, a signal named BUSY is required to 
occur after the falling edge of CLK following a 
detected strobe (WRS). The internal D-type 
flip-flops of a 22V10 can only be clocked on 
the rising edge of the clock, so one of the 

22V 10's internal flip-flops cannot be used. 
However a Boolean equation may be used to 
describe this signal. The times and conditions 
when this signal is to be high will be noted 
from Figure 2 and a Boolean expression 
generated. From Figure 2, at time T2, BUSY 
should go high. Therefore, one term of the 
equation for BUSY will be: “2*Z1*/CLK”. 
When both Z and Z1 are high and CLK is low, 
then BUSY will go high. This product term will 
keep BUSY high until time T3. 


At time T3, BUSY should remain high and 
adding a product term of “BUSY*Z1” can 
keep it high until time T5. This product term 
actually becomes active long before time T3 
arrives, so there will be no glitching of the 
output. Adding yet another product term of 
“BUSY*GATE?’ will keep BUSY high from just 
after time T3, through time T5, until time T19. 
Finally, one last product term of “BUSY*CLK”, 
keeps it high until the falling edge of the 


| 
ct h2zrskeXsRerzf° 


clock. The combined equation for BUSY is 
shown in Figure 3 lines 38 through 41. 


The last signal to be described is GATE. It is 
used to control the gating of the inverted 
clock output SCLK, and also control the 
already described signals BUSY and Z. 
GATE can use one of the flip-flops inside the 
22V 10, as it should only switch after the 
rising edge of the input clock. It goes high 
after the first rising edge of CLK after BUSY 
goes high. Therefore, one of inputs to the 
GATE flip-flop has to be BUSY. GATE should 
go low after COUNT reaches seven, so the 
equation can be “GATE.D = BUSY * 
/(COUNT==7Hh);” The input to the GATE 
flip-flop will be high when BUSY goes high 
and COUNT is not equal to 7. 


Signal GATE was also added to each of the 
terms in the multiplexer equation and it was 
added as a term in the counter equation. It 
was added to the multiplexer so SDAT would 
be low unless actual data was being sent. It 
was added to the counter so the counter 
would only count when GATE was high. This 
design used nine of the ten possible 22V10 
outputs. The input RESET was added to 
many of the equations to force a proper 
initialization of the signals. From here it is just 
a matter of typing the equations into SNAP, 
running a simulation, and generating a 
JEDEC file for downloading to a device 
programmer. Figure 4 shows the SNAP 
simulation results and Figure 5 shows the 
associated simulation control language (SCL) 
file. 


Sa, 
| 
| 


2 Ce Es Es ee 


Figure 2. Waveform Timing Relationships 
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won U pW POH 


| 
| @PINLIST 


|CLK I; | 
|ID[O..7] I; | 
|RESET I; “active low” CLK [ 1|CLK/I0 
|WRS b B RESET [ 2|I1l 
| IDO [ 3|1I2 
|BUSY 0; IDl [ 4]13 
| SCLK 0; Ip2 [ 5|14 
|SDAT 0; Ip3 [ 6|I5 
ICO. .2] 0; ID4 [ 7|I6 
[GATS oO; IDS [ 8|I7 
| 0; IpDé [ 9/18 
a 0; ID7 [10|I9 
WRS [11]110 
| @GROUPS aie 


| COUNT=[C2,C1,C0]; : 


| 
| @TRUTHTABLE 
|@LOGIC EQUATIONS 


“write strobe latch” 
Z = /WRS*reset+Z*/GATE*reset; 


“first flip-flop to sychronize WRS to CLK” 


Z1.D = Z; 
Z1.CLK = CLK; 
Z1.RST = reset; 


“busy flag” 


BUSY = Z2*Z1*/CLK*reset 
+ BUSY*Z1*reset 
+ BUSY*GATE*reset 
+ BUSY*CLK*reset ; 


“gate for control and 2nd synchronizing flip-flop” 


| GATE .D = BUSY*/ (COUNT==78) ; 
|GATE.CLK = CLK; 
|GATE.RST = reset; 


“output clock” 


| 
| 
| 
|SCLK = /CLK*GATE; 
| 
| “3-bit up counter” 
| 


| COUNT .D = GATE==1 * COUNT#1H; “count only when GATE is high” 
|COUNT.CLK = CLK; 
|COUNT.RST = reset; 


| 
“Multiplexer Equations” 
SDAT IDO* (COUNT==0H) *GATE*reset “if GATE is low then output a low” 
ID1* (COUNT==1H) *GATE*reset 
ID2* (COUNT==2H) *GATE*reset 
ID3* (COUNT==3H) *GATE*reset 
ID4* (COUNT==4H) *GATE*reset 
ID5* (COUNT==5H) *GATE*reset 
ID6é* (COUNT==6H) *GATE*reset 
ID7* (COUNT==7H) *GATE*reset ; 


+++ ete st il 


|@INPUT VECTORS 
|@OUTPUT VECTORS 
|@STATE VECTORS 
| @TRANSITIONS 

| 


Figure 3. SNAP Listing and Pin File 
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| 

| 
Vcc | 24] 
I/09|23] 
I/08|22] 
I/07|21] 
I/06|20] 
I/05|19] 
I/04|18] 
I/03|17] 
I/02|16] 
I/01|15] 
I/00|14] 
I11|13] 

| 

| 


NOTE: Line numbers are for reference only, they 
are NOT part of the design file. 
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File: SHIFT.RES DELAY = Ons Marker = Ons Sec/Div = 200ns 
<Model> 


eT [aniag CRWen erin aaa -oerms puuaney (cee emer 
|e | Saemes el la | a j ammer 


200 600 1800 2200 
Philips Semiconductors <C> 1993 MODE : HELP, F10 : EXIT 


Figure 4. SNAP Simulation Waveforms 
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* Output of Waveform Version 1.90 * 
* Date: 04/21/93 Time: 16:14:48 * 


KREKKEKKKKKEKEKKEKEKKKKEKKKEKEKEKEKEKKKEEKKKKKKKKKKKKKKKKKK 


Input File Name : SHIFT.SCL 
Rule File Name : Scl Rule 
Output File Name : SHIFT.SCL 


+ + + + 


RHEKKKKEKEKKEKEKKEKEKEEKEKKEKKEKEKEKKEKEKEKKEEKKEKEKKKKKKEKK 


P IDO, ID1, ID2, ID3, ID4, ID5, ID6, ID7, CLK, RESET, WRS, BUSY, 
GATE, SCLK, SDAT, C[2..0], Z, Z1 


Q 


FOOOrFrOCrFOCOrFOO 


(5890) IDO 

(5890) ID1 

(5890) ID2 

(5890) ID3 

(5890) ID4 

(5890) ID5 

(9200) ID6 

(14290) ID7 

(100, 200, ETC) CLK 
(80, 5600, 6000) RESET 
(180, 240, 4000, 4200) WRS 
U time = 14290 


MNNNNNHNANDNNNNNW 


Figure 5. SNAP Simulation SCL File 
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INTRODUCTION 

When using a latch or flip-flop in normal 
circumstances (i.e., when the devices set-up 
and hold times are not being violated) the 
outputs will respond to a latch enable or clock 
pulse within some specified time. These are 
the propagation delays found in the data 
sheets. If, however, the set-up and hold 
times are violated so that the data input is not 
a clear one or zero, there is a finite chance 
that the flip-flop will not immediately latch a 
high or low but get caught half way in 
between. This is the metastable state and it is 
manifested in a bi-stable device by the 
outputs glitching, going into an undefined 
state somewhere between a high and low, 
oscillating, or by the output transition being 
delayed for an indeterminable time. 


Once the flip-flop has entered the metastable 
State, the probability that it will still be 
metastable some time later has been shown 
to be an exponentially decreasing function. 
Because of this property, a designer can 
simply wait for some added time after the 
specified propagation delay before sampling 
the flip-flop output so that he can be assured 
that the likelihood of metastable failure is 
remote enough to be tolerable. On the other 
hand one consequence of this is that there is 
some probability (albeit vanishingly small) 
that the device will remain in a metastable 
state forever. The designer needs to know 
the characteristics of metastability so that he 
can determine how long he must wait to 
achieve his design goals. 


THE CHARACTERISTICS OF 


METASTABILITY 

In order to define the metastability 
characteristics of a device three things must 
be known: first, what is the likelihood that the 
device will enter a metastable state? This 
propensity is defined by the parameter To. 
Second, once the device is in a metastable 
state how long would it be expected to 
remain in that state? This parameter is tau (t) 
and is simply the exponential time constant of 
the decay rate of the metastability. It is 
sometimes called the metastability time 
constant. The final parameter is the 
measured propagation delay of the device. 
Commonly, the typical propagation delays 
found in the data book are used for this and it 
is designated h in the equations (although 
most designers are familiar with this value as 
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Figure 2. 


Tpd). Now lets see how tau and Tg are 
determined by measurements. 


A TEST METHOD 

Suppose we wanted to measure the 
metastability characteristics of a fictitious 
edge-triggered D-type flip-flop and we hada 
test system that would count each time the 
flip-flop is found in a metastable state at 
some time after a clocking edge. The first 
thing we would like to Know about the flip-flop 
would be the h or typical propagation delay. 
We could measure the delay or look it up in 
the data book (of course, measuring the 
actual delay would allow more precise 
results). This fictitious flip-flop has an h of 
7ns. In this test we decide to use a clock 
frequency of 10MHz. This frequency is 
primarily a function of the test systems ability 
to assimilate the information. The data will 
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run at 5MHz asynchronously to the clock and 
with a varying period. This frequency was 
chosen because at two transitions per cycle 
the data signal produces 10 million points 
each second where it is possible for the 
flip-flop to go into a metastable state, an 
average of one point for each clock pulse. 
An important point about the characteristic of 
the data signal in relation to the clock is that 
the data transitions must have an equal 
probability of occurring anywhere within the 
clock period or the results could be skewed. 
In other words, we need to have a uniform 
distribution of random data transitions (high 
and low) relative to the clocking edge. 


The first measurement we take is to 
determine the number of times the device is 
still in a metastable state 8ns after the clock 
edge. With this device there are 792 failures 
after 1 billion clock cycles. Changing the time 
to 9ns we measure 65 failures after another 1 
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billion cycles. Because metastability resolves 
as an exponentially decaying function the two 
points define the exponential curve and they 
can be plotted as shown in Figure 1. An 
equivalent plot can be made using a semilog 
scale as in Figure 2. The slope of the line 
drawn through the two points represents tau. 
With these two points the tau can be 
determined by equation (1): 


I2-by 


—— i 
. In(N, / N2) " 


where N, and No are the number of failures 
at times t; and to, respectively. 


Working through the numbers gives us a tau 
of 0.40ns. Tau of this order is representative 
of the FAST line of flip-flops. 


Earlier we stated that Tg is an indicator of the 
likelihood that the device will enter a 
metastable state. Now we will attempt to 
explain it. At 9ns after the clock we observed 
65 failures in 1 billion clock cycles. Since the 
data transits on average once per clock cycle 
and the period of this clock is 100ns, from 
equation (2) we can say that there appears to 
be an aperture about 0.0065 picoseconds 
wide at the input of the device that allows 
metastability to occur for 9 or more 
nanoseconds. Another way of explaining the 
same thing would be to suppose that if 1 
billion data transitions were uniformly and 
randomly distributed over a clock period of 
100ns: you would expect 65 of these 
transitions to cause the outputs to go into a 
metastable state and remain there for at least 
Ons. 


. No Pc 
Ty = —— 2 
Soba 0% (2) 
Where Ncg is the number of clocking events 
at 9ns (in this instance, 1 billion), Pc is the 
period of the clock, and Ng is the number of 
failures recorded at 9ns. 


By the same reasoning the window at 8ns 
appears to be 0.0792 picoseconds wide. It 
seems to have grown because there are, of 
course, more failures after 8ns than after 9ns. 
This aperture has been normalized by 
researchers to indicate the effective size of 
the aperture at the clock edge, or time zero. 
Unfortunately the normalization process 
tends to obscure the interpretation of To. To 
can be calculated using equation (3). Figure 
3 is an extension of Figure 2 and shows the 
relationship of To, h, and tau. 


8ns 


To = Tye FF) (3) 
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Figure 3. 


or equivalently, 
‘Ons 
To = Tye | t 


In this case To is 38.4us and this value is 
again typical of the FAST line of products. 


Figure 3 is an extension of Figure 2 and gives 
a graphic indication of To. The number of 
failures plots on the same scale as the 
aperture size but the number of failures is 
dependent on the number of clock cycles 
used in the test (we always used 1 billion in 
this paper) and the ratio of data transitions to 
clock pulses (1:1 in this paper). On the other 
hand, the aperture size is independent of 
these things. 


MTBF 

Having determined the To and tau of the 
flip-flop, calculating the mean time between 
failures (MTBF) is simple. Suppose a 
designer wants to use the flip-flop for 
synchronizing asynchronous data that is 
arriving at 10MHz, he has a clock frequency 
of 25MHz, and has decided that he would 
like to sample the output of the flip-flop 15ns 
after the clock edge. He simply plugs his 
numbers into equation (4) . 


t 


(4) 


MTBF =e 
To fc fi 


In this formula f¢ is the frequency of the 
clock, f; is the average input event frequency, 
and t' is the time after the clock pulse that the 
output is sampled (of course t’ > h). In this 
situation the f| will be twice the data 
frequency because input events consist of 
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both low and high data transitions. For the 
numbers above the MTBF is one million 
seconds or about one failure every 11.6 days. 
If the designer would have tried to sample the 
data after only 10ns the MTBF would have 
been 3.8 seconds. 


Metastability literature can be very confusing 
because several companies use different 
nomenclature and often the fundamental 
parameters are obscured by scale factors, so 
it is important that the user understand MTBF. 
Lets try a thought experiment to determine 
the correct MTBF formula. We know the size 
of the aperture at 8ns so we need to know 
how often that window will occur. This is 
supplied by the clock period. This gives a 
ratio of window size to clock period and gives 
us the likelihood of a transition within the 
clock period causing a metastable state that 
lasts beyond the 8ns point. Now we need to 
know the number of input events per clock 
period to determine the MTBF at 8ns. This is 
supplied by the average input event period 
and produces the equation below where Pc 
and P; are the periods of the clock and input 
events, respectively. 


1 


MTBF = ——— = 
Tg a ® Ts fo fi (9) 


This gives the MTBF for 8ns, but how can the 
formula be developed to handle other times? 
It has been stated in this paper that the rate 
of decay of metastable events is an 
exponential function with a time constant of 
tau. Using this information gives the equation 
below where t’ is the time after the clock 
pulse that the output is sampled. 
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t'—8ns ; 
MTBF = <— | = (*) (6) 
8ns 
wae Ts oF) Se fi 
8 
To fe hi 


A point should be made here about MTBF. 
This is the mean time between failures and 
as such does not indicate the average time 
between failures. In fact, in this situation, the 
MTBF is the time before which there is a 
63.2% probability that a failure would have 
occurred. Suppose a device has an MTBF of 
one million seconds like the example above; 
because the MTBF is an exponential function 
there is a 9.5% probability that a failure will 
occur in the first 1.16 days of operation. This 
might cause the user to feel that the device is 
failing more than expected. The user would 
find that 50% of his failures wouid occur 
within 8 days. Figure 4 gives a visual 
interpretation of this idea: time constant one 
represents one million seconds in this case. 


RECENT DEVELOPMENTS 

The quest for better metastability 
characteristics in flip-flops has recently 
resulted in the development of flip-flops with 
taus significantly less than 0.40ns. Perhaps 
the most notable of these is the Philips 
Semiconductors 74F50XXX series with 
typical taus of 135ps. The specifications of 
these new products can cause confusion 
among the uninitiated because the typical To 
on these devices is 9.8 million seconds or 
about 113 days. This is an example of how 
the normalization process obscures the 
interpretation of Tg. In the newest products 
the taus have decreased faster than the 
normal propagation delays primarily due to 
speed limitations of the outputs. 


Using the example above and calculating T7 
from equation (3) we see that the window ath 
is 0.965ps. Now lets assume that we have a 
device with the same size window (0.965ps) 
ath and anh of 7ns. The difference between 
this device and the previous example is that 
this device has a tau of 150ps. Clearly, if the 
device has the same h and the same size of 
window ath but a smaller tau, the device is 
better. But lets calculate the To. 


To = 13 a) 


To = 178 million seconds! 
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Comparing the To of any two devices does 
not show which device is superior. However, 
one can expect that the device with the lower 
tau is superior in all but the most peculiar 
circumstances. 


SUMMARY 

This paper is intended to introduce the reader 
to the terms he will be dealing with regarding 
metastability and it is hoped that this 
introduction will help him to digest the more 
in-depth papers that he will be reading. 
Philips Semiconductors uses the parameters 
described by Thomas Chaney of Washington 
University in St. Louis, Missouri because they 
are fundamental and the better metastability 
papers generally use these parameters. For 
further reading on the subject, the article 
“Metastable behavior in digital systems”, by 
Lindsay Kleeman and Antonio Cantoni 
published in /EEE Design & Test of 
Computers in December of 1987, is 
recommended. 
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INTRODUCTION 

Philips Semiconductors PLAs are particularly 
useful in the design of wide address decoders 
and random logic replacement. The primary 
advantage Philips Semiconductors brings to 
these applications with their PLA devices is 
product term sharing, which is made possible 
via the two programmable arrays graphically 
shown in Figure 1. The familiar PAL® 
architecture supports a programmable AND 
array, followed by a fixed OR array. Better 
than 90% of the PAL devices that are 
available today are limited to 8 input wide OR 
gates. When pursuing a solution to a 
complex address decoding scheme, this 
restriction is prohibitive. The Philips 
Semiconductors PLA devices support 100% 
connection of all product terms to one or 
more OR gates. Once a term is created, it 
can be shared with any or all of the output 
functions. No duplication of resources is 
incurred. The popular PLXX153 family 
support 32-input wide OR gates which are 
ideal for memory or I/O decoders. The 
addition of programmable output polarity also 
enhances design efficiency and logic 
minimization. 

The two programmable array concept 
dominates the Philips PLD product line. 

With the exception of the PAL-type devices 
which have been geared for ultimate 
performance, all Philips PLDs have been 
architected with efficient and flexible PLA 
structures. With the largest breadth 
programmable product line in the industry, 
Philips believes the designer can truly fill his 
requirements from the several product lines — 
PLA, PAL and PLS. Two combinatorial logic 
PLA device descriptions follow. For 
information on PLA devices with registers 
please refer to the sequencer section of this 
manual. 


® PAL is a registered trademark of Advanced Micro Devices 


PHILIPS SEMICONDUCTORS 


PLUS153 

Figure 2 depicts the Philips PLUS153. This 
bipolar PLA is pin and functionally equivalent 
to the Philips PLS153, however is available 
with a maximum propagation delay time of 
10ns from input to output. 


The PLUS153 has eight dedicated inputs and 
10 bidirectional pins. The bidirectional pins 
may be adapted to suite the user’s specific 
needs. 20-pin DIP or PLCC packages are 
available. 


The output structure of the PLUS 153 includes 
programmable polarity control on each 
output. Either active HIGH (non-inverting) or 
active LOW (inverting) outputs are 
configurable via the EX-OR gate associated 
with each I/O. Individual 3-State control of 
the I/O is also supported with the ten 
direction control AND terms (D1-D9). 


Other benefits to the PLUS153 include full pin 
compatibility with most 20-pin combinational 
PAL parts. The natural product term sharing 
capabilities of the PLA architecture yield 
complete freedom of configuration should the 
engineer implement a particularly creative 
decode configuration. 


PHILIPS SEMICONDUCTORS 
PLUS173 


Figure 3 depicts the Philips Semiconductors 
PLUS173. This bipolar PLA is functionally 
equivalent to the Philips PLS173. The 24-pin 
PLUS173 has four more inputs pins than the 
PLUS153. The user may adapt the 
bidirectional pins to suit particular decoding 
needs, but the propagation delay time is still 
no more than 10ns from stabilized input to 
stable output for a PLUS173-10 device. 


By having more inputs than the 153 part, the 
173 can either resolve more input lines or 
generate more outputs functions for the same 
number of inputs. Distinct 3-State control 
over each output may be useful for controlling 
chip enables where contention (i.e., multiple 
access) may exist. 


For speed and input width, the PLUS173 is 
probably the best single PLS available today 
for both memory and I/O decoding. 
Combining the 10ns Tpp with the 
distinguishable range of 12 to 21 inputs, the 
designer can easily decode say 16 input 
addresses as well as read/write qualifiers or 
encoded status signals. Output polarity 
control (Active-High or Active-Low) is 
achieved by programming the Exclusive-OR 
gate associated with each output. 


The flexibility achieved with a PLA structure 
can be quickly appreciated by the designer 
who has experienced the frustration of the 
dedicated "OR" structures in PAL ICs. 
Currently, the only time penalty for the 
freedom granted by a PLA is a few 
nanoseconds! 
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Figure 2. PLUS153 
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INTRODUCTION 

The PLUS153-10 is available in a 20-pin DIP 
or 20-pin PLCC package. The PLUS173-10 
is available in a 24-pin DIP or 28-pin PLCC 
package. Both parts have tpp no greater 
than 10ns. 


Both parts provide 32 wide input product 
terms, whose outputs may be tied to the 

’ inputs of the sum terms (OR gates) below. 
There are no restrictions on this interconnect 
— any or all product terms may feed any or 
all sum terms. Thus each OR term can 
accept from 1 to 32 inputs without leaving the 
chip for a signal “wrap around”. All ten 
outputs are bi-directional, so they may be 
traded off as inputs are used. Finally, each 
output may be polarity configured 
(exclusive-OR fused) and each is 
independently 3-Stateable from a separate 
product term (each) which is identical to the 
rest. 


Although slightly slower (from pin to pin) than 
7.5ns 20L8 structures, the following example 
demonstrates a simple case of how a 10ns 
PLA can be faster than a 7.5ns PAL. 


Example 1: Glue Collection 

This first example is an illustration of 
compressing glue logic. Figure 1 shows a 
piece of logic which performs one of two 
operations on two 8-bit numbers. These may 
come from different registers in a system, or 
be from two halves of a 16-bit bus. The goal 
is to perform the input operations (compare 
the bytes in one mode or multiplex one bit out 
in the other) in 10ns. Using MSI parts, this 
could have been done except there is no 16 
to 1 MUX available in the 74F device series. 
There is a 74150 device available, but it has 
a propagation delay of 17ns. So this will not 
work. Figure 1 shows the solution using the 
7.5ns PAL devices. Unfortunately, because 
architecture provides only seven product 
terms per sum term (16L8-7) multiple signal 
passes are required. This results in a 
solution needing over 20ns. It might be 
conjectured that a 15ns 22V10 could make it 
with 16 product terms on some outputs, but 
doing the MUX would only provide the output 
at “point 1" in 15ns. Additional time is 
needed to make the final out signal. A 10ns 
22V10 could not make spec, with an 
additional 74F32 adding 4ns. Figure 3 shows 
the preferred solution — a single PLUS173 
generating the final function in 10ns. Figures 
4 and 5 show the pinout and SNAP equations 
for this solution. 
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Example 2: Cache Update Inhibit 
Key to modern microsystem design has been 
simple, fast RISC processors with quick 
cache and single cycle high performance 
operation. Unfortunately even using the new 
cache control chips, exception handling 
results in clumsy designs. This may be one 
of the reasons simple, direct-mapped caches 
have also become popular. Exception 
handling is often resolving transactions which 
occur with data items that are non-cacheable. 
This occurs in a number of ways — first, 
EPROMs, I/O devices and special state 
registers are not cacheable items, so they will 
never be put into a cache memory. What 
happens when a non-cacheable item is 
referenced? The cache controller will miss 
and begin to update the cache. The 
transaction must be terminated before it 
overlays an I/O device onto the least recently 
used cache address. 


The way to deal with the transaction overlay 
problem is straightforward — recognize all 
non-cacheable transactions and intercept 
them before the controller cleans house. 

How big of a problem is this? Figure 6 shows 
what might be an average engineering 
workstation. Each device (disk controller, 
LAN controller, keyboard, printer, etc.) usually 
has several internal registers each occupying 
a unique address. With two disks, a LAN, 
modem and printer, a system could instantly 
exceed 16 distinct I/O registers. It is best to 
assume a large number. Enter the PLA — 
the PLUS173 — for such a system. Each 
product term can be scattered all over 
memory if needed and decodes summed into 
a single output signal generating a composite 
inhibit. This process takes less than 10ns for 
up to 32 devices. Using a 20L8-7 requires 
trading off resolution (number of address bits 
resolved) and feeding through the chip 
multiple times, expanding to 13 devices in 
two passes (at 15ns for a 7.5ns device). 
Using a PLA keeps the RISC design very 
clean and fast. 


Example 3: Interfacing Mixed 
Memory Types 


Other sections of a microprocessor system 
can use the summation of a large number of 
decoded terms. For instance, the interrupt 
request, DMA request and the cycle 
extension WAIT line are contenders for a 
large number of decoded and summed 
inputs. Some are asserted low and some 
high so polarity control is vital. Some require 
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a 3-State or open collector resistive pull-up, 
so the PLA enable fits well. These are 
situations where attention signals come into 
the processor. 


It is not always necessary for the CPU to 
operate at full speed. Operating the CPU at 
a slower speed brings about a more 
economical and compact system. This is due 
to higher costs associated with fast memory 
and greater board area for wide memory 
configurations. 


Some software routines where slower 
performance may be acceptable include 
power up initialization, diagnostic routines, or 
some exception routines. When speed is 
Critical, an 8-bit bus is the most economical 
and compact because of readily available 
byte wide PROMs and RAMs. The 68030 is 
easily interfaced to 8-, 16- or 32-bit ports 
because it dynamically interprets the port size 
during each bus cycle. Figure 7 shows an 
example of interfacing both a slow 200ns 
8-bit EPROM and a fast 35ns 32-bit RAM to a 
68030. A PLUS173-10 was chosen for its 
high speed and large number of inputs and 
outputs. The EPROM occupies memory 
space 0-32K while the RAM occupies 
addresses 64—128K. Note that because not 
all of the upper memory address bits were 
decoded, the memory arrays will also appear 
at other addresses. 


PROBLEM: 
16-bit Data Compare / MUX 
Mode 1: Compare two 8-bit fields 
Mode 2: Select 1 of 16 bits 
Must be fast! 


8-BIT 
COMPARE 
74F 521 


Figure 1. 
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SOLUTION 2: MAKE IT OUT OF PALs 3) 7.5PALs 
1) 20L8-7.5 
2) 16L8-7.5 


COMPARE FUNCTION: 
3 WASTED I/O PINS FOR FEEDBACK 
= 7.5(1st PASS — #1) 
7.5 (2nd PASS — #1) 


7.5 (3rd PASS — #3) 


22.5ns 
16L8-7.5 
MUX FUNCTION: 
2 WASTED I/O PINS 7.5 (1st PASS — #2 or 3) 
7.5 (2nd PASS — #2 or 3) 
7.5 (3rd PASS — #3) 


SELECT 22.5ns 


16L8-7.5 
GATE EFFICIENCY: 


2 WASTED I/O PINS 30 PALs 
40 GATES USED 


152 GATES WASTED 
RESULT: 


NOT FAST ENOUGH; SLOWER THAN 74F 
SOLUTION 


Figure 2. 


SOLUTION 3: MAKE IT OUT OF A PLUS173D 


PLUS173-10 


tpp = 10ns 
1 PACKAGE 


COMPARE FUNCTION: 
16 PRODUCT TERMS 


MUX FUNCTION: 
16 PRODUCT TERMS 


INVERTERS: 
INCLUDED 


ORS: 

INCLUDED 

GATE EFFICIENCY: 
1 PLA 

32 GATES USED 

NO GATES WASTED 


RESULT: 
THE BEST SOLUTION; ONE PACKAGE 


Figure 4. Comparator/MUX 


Figure 3. Pin Program 
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TO MAIN MEMORY 
CACHE/CONTROLLER 


@PINLIST oS ee 

af0..7] i; — - TAG 
bf0..7] i; MICROPROCESSOR F— COMPARE 
s[0..3] i; SS 

MODE i; 


OUT oO; 


@GROUPS 

sel = s(0..3]; 

@TRUTHTABLE S UPDATE INHIBIT 
@LOGIC EQUATIONS 


ee ab * Be fiiede -) TO vO DEVICES 
/a0 * bO /mode 
ai * b1/mode 
/ai* b1 /mode ADDRESS 1 
a2 * b2 /mode 
/a2* b2 /mode 
a3 * b3 /mode 
/a3 * b3 /mode 
a4 * b4 /mode 
/a4 * b4 /mode 
a5 * b5 /mode 
/a5 * b5 /mode 
a6 * b6 /mode 
/a6 * b6 /mode ADDRESS 3 
a7 * b7 /mode 
/a7 * b7 /mode; 


ADDRESS 2 


UPDATE INHIBIT 


a0 * (sel == Oh) * mode 

a1 * (sel == 1h) * ADDRESS n PRINTER 
a2 * (sel == 2h) * mode 

a3 * (sel == 3h) * mode 

a4 * (sel == 4h) * mode Figure 6. Cache Update Inhibit Using a PLA 
a5 * (sel == 5h) * mode 

a6 * (sel == 6h) * mode 

a7 * (sel == 7h) * mode 

bO * (sel == 8h) * mode 

b1 * (sel == 9h) * mode 

b2 * (sel == Ah) * mode 

b3 * (sel == Bh) * mode 

b4 * (sel == Ch) * mode 

b5 * (sel == Dh) * mode 

b6 * (sel == Eh) * mode 

b7 * (sel == Fh) * mode; 


out = mux + comp; 


@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRANSITIONS 


Figure 5. SNAP Equation Listing 
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D31-D24 


20MHz 


CLOCK 
GENERATION 
CLK 


MC68030 


AS ODLYIN Bucs 


A311 
A30 
Aig 
A18 
Ai7 
A16 
Al 

AO 


DSTRT 
UUCS 


Figure 7. Example Interfacing Mixed Memory Types 
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DECODER FOR INTERFACING SRAMa AND EPROMs TO AN MC68030. THIS DESIGN IS FOR A PLUS173 DEVICE 


@PINLIST 
dlyin i; 
nas i; 
a[31..30] 
a[19..16] 
a{1..0] 1; 
sizO 
siz1 

rw 
nrmcs 
dstrt 
nuucs 
numcs 
nimcs 
nlics 
nepcs 
nack[1.. 


@LOGIC EQUATIONS 


“EPROM enable” 
nepcs =/ ( /a31 * /a30 * /a19* / a18* /a17*/a16*/nas; 


N Package 


—s ee ee 
we we . 
- ~- 


e200 oo: 


Oo 


& 


“start shift register during EPROM access” 
dstrt =/ ( /a31 * /a30 * /ai9*/a18* /a17*/a16*/nas; 


“DSACKO after 4 clock cycles for EPROM access” 
nackO = / (dlyin); 


“immediate STERM upon RAM access” 
nack1 =/( /a31 * /a30 * /a19 * /a18 * /a17 * /a16); 


“Byte select signals for RAM writes” 
nuucs = /(/a0*/al* /rw* ai6 * /a17 * /18 * /a19 * /a30 * /a31); 


nuucs = /(a0*/al* /rw* ai6 * /ai7 * /18 * /a19 * /a30 * /a31 
+ /al*/sizO* /rw* al6 * /ai7 * /18 * /a19 * /a30 * /a31 
+ /al"*/siz1* /rw * a6 * /ai7 * /18 * /a19 * /a30 * /a31); 


/(/a0* /ai* /rw * al6 * /ai17 * /18* /a19 * /a30 * /a31 
/al*/sizO*/sizi* /rw* al6* /a17 * /18* /a19 * /a30 * /a31 
/al*sizO*/sizi* /rw*ai6* /a17*/18* /a19 * /a30 * /a31 
/al * a0 * /sizO* /rw * ai6 * /a17 * /18 * /a19 * /a30 * /a31); 


/(a0* al* /rw * a6 * /a17 * /18 * /a19 * /a30 * /a31 

a0 * siz0* siz1 * /rw * ai6 * /ai7 * /18 * /a19 * /a30 * /a31 
/ siz0 * /siz1 * /rw * a6 * /a17 * /18 * /a19 * /a30 * /a31 

/ai* sizi*  /rw* a6 */a17* /18* /a19 * /a30 * /a31); 


/( /rw * ai6 * /ai7 * /18 * /a19 * /a30 * /a31); 


Figure 8. Equations for PLUS173 Shown in Figure 7 
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DESCRIPTION 

Using the simple AND, OR and INVERT logic 
functions of the PLS153, memory functions 
such as latches and edge-triggered flip-flops 
may be implemented with a relatively small 
part of the chip and without external wiring. In 
this application note, we will discuss the 
implementation of two R-S latches, a D-latch, 
an edge-triggered RP-S flip-flop, an 
edge-triggered D flip-flop, and an 
edge-triggered JK flip-flop. 


SIMPLE R-S LATCH 

A simple R-S latch may be formed by 
cross-coupling two NAND functions together 
as shown in Figure 1. 


NA2 


Figure 1. RS Latch 


@pinlist 
-e 


I; 
s ot; 
q_ »b; 
qn Ob; 


@logic equations 
qn = /(q"s); 

q = /(rqn); 

qn - oe = 1; 

q- oe =1; 


Figure 2. RS Latch SNAP Equations 


ANOTHER SIMPLE R-S LATCH 
Another way to implement a simple latch is 
shown in Figure 3, in which two NOR 
functions are cross-coupled to form a latch. 


The SNAP equations are shown in Figure 4. 


Since each AND-term of the PLS153 can 
accommodate up to 18 inputs (true or 
inverting inputs of eight from Ip to l7 and ten 
from Bg to Bg), and each OR circuit can be 
connected to up to thirty-two AND-terms, we 
can add additional features such as those 
shown in Figure 5. 


The programming of this design is left to the 
reader as an exercise. 
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@logic equations 
qn = (/q*/s); 

q = (/r"/qn); 

qn - oe = 1; 
q-oe=1; 


Figure 4. RS Latch SNAP Equations 


Figure 5. Expanded RS Latch 


D-LATCH 


A simple D-latch can be constructed with a 
PLS153 as shown in Figure 6. 


This circuit may be easily programmed into 
the PLS153 as shown in Figure 7. Note that 
according to the K Map of Table [1], there is a 
static hazard using only two gates, so the D * 
Q term is recommended. 
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This circuit may be expanded to have 
multiple D-latches using the same latch 
enable (LE). 


b. D-Latch Schematic 
Figure 6. 


@pinlist 
d i; 
le i; 
q 9; 


@logic equations 
q = ((d * le) 
+ *q) 

+ (d* /le)); 


Figure 7. D—Latch SNAP Eq 
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Table 1. D-Latch K Map 


DEGLITCH 
TERM 


R-S FLIP-FLOP 

Two R-S latches may be combined to form a 
master-save flip-flop that is triggered at the 
rising-edge of the clock (or the falling-edge of 
the clock, if the designer so desires). Figure 9 
shows a combination of two sets of 
cross-coupled NOR gates concatenated to 
form the flip-flop. The implementation of this 
circuit using SNAP equations is shown in 
Figure 8. 


a. Pinout 
@pinlist 
@pinlist clk 1; 
dk i: a 
Hs rst 1; 
: set i; 
q 9, 
“e tempo; 
q : @logic equations 
qn Ob; temp = ( (d* /clk * / rst) 
@logic equations + (d* temp */rst) 
qn =/(q + (temp */rst* clk) 
+ (b1 * clk) ); + (set); 
et eal Q =( (temp * clk * / rst) 
ua A + (temp * q*/rst) 
b1 =/b0 * * 
+ (S */ clk); + (q*/rst*/clk) 
bO =/( (r* /clk) + (set); 
+b1): 
Figure 11. SNAP Equations and Pinout 
bO - oe = 1; 
b1-oe=1; 
oe D FLIP-FLOP 
qn - oe = 1; An edge-triggered master-slave D flip-flop A PLS153 may be programmed as shown in 
; ; may be constructed with two D-latches in the — Figure 11 to implement the D flip-flop. 
Figure 8. SNAP Equations manner shown in Figure 10. 
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Figure 12. JK-type Flip-Flop 


JK FLIP-FLOP 

An edge-triggered JK flip-flop schematic is 
shown in Figure 12. SNAP equations and 
pinout are shown in Figure 13. 


@pinlist 


@logic equations 
temp = ( (j */clk */rst * /q) 
+ (/clk*/k*q*/rst) 
+ (j*/rst* temp * /q) 
+ (temp * /rst * clk) 

+ (set); 

= ( (temp * clk * / rst) 
+ (temp * q*/rst) 

+ (/rst *q*/clk) 

+ (set); 


SNAP Equations and Pinout 


q 


Figure 13. 
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PLS173 as a 10-bit comparator, 74LS460 


DESCRIPTION 

The PLS173 is a 24-pin PLA device which 
has 10 bidirectional outputs and 12 dedicated 
inputs. The output of the device is the sum of 
products of the inputs. The polarity of each 
output may be individually programmed as 
Active-High or Active-Low. A 10-bit 
comparator similar to the 74LS460 compares 
two 10-bit data inputs to establish if 
EQUIVALENCE or NOT EQUIVALENCE 
exists. The output has True and Complement 
comparison status outputs. The logic diagram 
of the comparator is shown in Figure 1. 


The truth table is as shown in Table 1 where 
vectors a and b are 10-bit inputs to A9 to AO 
and B39 to BO. If the input to A9-A0 is bit-to-bit 
equivalent to the input to B9-BO, the two input 
vectors are considered EQUIVALENT, and 
output EQ goes High and NE goes Low. If the 
two input vectors are not bit-to-bit equivalent, 
then EQ goes Low and NE goes High. The 
circuit is implemented with SNAP as shown in 
Figure 3. 


Table 1. Function Table 


Figure 1. Logical Equivalent Circuit of 
10-Bit Comparator 
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RESOURCES 

This design used 20 product terms in the 
PLS173. As shown in Figure 4, expanded 
equations, each output needs 20 product 
terms. Since the product terms are the 
same, each output shares the 20 product 
terms with an output polarity fuse determining 
the proper output level. 


D Package 


Figure 2. Pin Configuration 


This circuit compares to two 10-bit inputs. If 
they are bit-to-bit equivalent, output EQ goes 
high and NE goes low. If they are not 
bit-to-bit equivalent, output EQ will be low 
while NE will be high. 


@PINLIST 


@TRUTHTABLE 
@LOGIC EQUATIONS 


EQ = one == two; 

NE = one != two; 
@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRANSITIONS 


These equations are written for Philips Semiconductors 
SNAP software. 


Figure 3. Boolean Equations of 
10-Bit Comparator 
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@LOGIC EQUATIONS 


eq 


Figure 4. 


= /((/09* a9) 
(b9* a9) 
(b8*/a8) 
(/b8 * a8) 
(/b7* a7) 
(b7*/a7) 
(b6*/a6) 
(/b6* a6) 
(b5*/a5S) 
(b5*/a5) 
(/b5* a5) 
(/b4* a4) 
(b4* a4 ) 
(/b3* a3) 
(b3*/a3) 
(/b2* a2) 
(b2*/a2) 
(/b1* al) 
(b1*/al) 
(bO*/a0) 
(/b0* a0)); 


+ 
+ 
+ 
as 
4 
+ 
+ 
a 
+ 
+ 
+ 
+ 


((/b9* a9 ) 
(b9* a9) 
(b8 */a8) 
(/b8* a8) 
(/b7* a7) 
(b7*/a7) 
(b6 */a6) 
(/b6 * a6) 
(b5*/a5) 
(b5*/a5) 
(/b5* a5) 
(/b4* a4) 
(b4* a4) 
(/b3* a3) 
(b3 */a3) 
(/b2* a2) 
(b2*/a2) 
(/b1* a1) 
(b1*/al) 
(bO*/a0) 
(/b0* a0)); 


+ + + + + + + 


+++ +++ + + + + + + 


Expanded Equations 
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INTRODUCTION 

This application note presents the design of a 
parity generator using Philips 
Semiconductors PLD, PLS153 or PLS153A, 
which enables the designers to customize 
their circuits in the form of “sum- of-products”. 
The PLA architecture and the 10 
bi-directional |/O’s make it possible to 
implement the 9-bit parity generator/checker 
in one chip without any external wiring 
between pins. 


The parity of an 8-bit word is generated by 
counting the number of “1's” in the word. If 
the number is odd, the word has odd parity. If 
the number is even, the word has even parity. 
Thus, a parity generator designed for even 
parity, for example, will generate a “O” if the 
parity is even, or a “1” if parity is odd. 
Conversely, an odd parity generator will 
generate a “0” if the parity of the word is odd, 
or a “1” if the parity is even. This bit is then 
concatinated to the word making it 9-bits 
long. When the word is used elsewhere, its 
parity may be checked for correctness. 


FEATURES 
© Generates even and odd parities (SUME 


and SUMO) 


@ SUME = “1” for even parity, “O” for odd 
parity 

®@ SUMO = “1” for odd parity, “O” for even 
parity 

® Generate parity or check for parity errors 


a a 
a 
(ee ae 
ae 
Lt | 
oe 
_ ae 
es ae 


® Cascaded to expand word length 


DESCRIPTION 

The most straightforward way of 
implementing the parity generator/checkeris RESOURCES 

to take the 9-input truth table (8 inputs for the | The design uses up 20 product terms and 5 


8-bit word, and 1 input for cascading the control terms leaving 12 product terms and 4 
previous stage) and put it ina 256 x 4 PROM. __ bi-directional I/O's to implement other logic 
Since there are 29 combinations and half of designs. 


them is odd, the other half is even, the circuit 
will take 256 terms. 


An alternative is to divide the 9-bits into 3 
groups of 3-bits as shown in Figure 1. If the 
sum of the 3-bits is odd, then the 

intermediate output SU1, or SU2, or SU3 
equals 1. Otherwise it equals 0. The 
intermediate results are grouped together and 
SUMO becomes “1” if the sum is odd, 
otherwise SUMO equals “0”. 


The circuit is implemented using SNAP as Figure 2. Pin Configuration 
shown in Figure 3. SU1 is an intermediate 
output for inputs Io, 1; and I>. In the same 
manner, SU2 and SU3 are intermediate 
outputs for Ig, l4, Is and Ig, I, Ig. 
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This circuit is a 9-bit parity generator/checker commonly used for error detection in high speed 
@PINLIST data transmission/retrieval. 


in(0..8} j; | The odd parity output (SUMO) is high when the sum of the data bits is odd. Otherwise it is low. 
su[1..3] + The even parity output (SUME) is high when the sum of the data bits is even. Otherwise it is low. 
es 


@logic equations 

su ( (in2 * in1 * in) 
(in2 * in1 * inO) 
(/in2 * in1 * /inO) 
(/in2 * /in1 * inO); 


SU3, SU2 and SU1 are intermediate terms. 


This design was done using the Truth Table Entry method of Philips Semiconductors SNAP 
software. 


@TRUTHTABLE 
[IN2, IN1, INO : SU1] 
0 : 0; 


+++ il 


( (ind * in4 * in3) 
(ind * in4 * in3) 

(Aind * in4 * /in3) 
(/ind * /in4 * in3); 


( (in8 * in7 * in6) 
(in8 * in7 * in6) 


(/in8 * in7 * /in6) 
(/in8 * /in7 * in6); 


-”~" Oo-- OF O— Oo 


( (su3 * su2 * su) 
(su3 * /su2 * /su1) 
(/su3 * su2 * /su1) 
(/su3 * /su2 * sul); 


£ 
B 


( (su3 * su2 * sul) 
(su3 * /su2 * /su1) 
(/su3 * su2 * /su1) 
(/su3 * /su2 * su1); 


0 
0 
1 
1 
0 
0 
1 
1 


- o- Oo-- Oo + OO 


z 
Ni 
z 
ro) 


Figure 4. Expanded Equations 


-~_ Oo - O-+* OO —- O 
—-~ oo--"'_ 0 — — Oo 


—_-~ —- oo —- —- QO 


[SU3, SU2, SU1: SUMO, SUME] 
0 0 : 


-oo--o0o---4 0 


Figure 3. SNAP Truth Table Entry 
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Schmitt trigger using PLS153 


Issued June 1988; revised October 1990; revised September 1993 


INTRODUCTION 

One of the many features of the PLS153 is 
the availability of individually controlled 
3-State I/O pins. Taking advantage of this 
feature, a Schmitt trigger may be constructed 
using One input pin, two bidirectional I/O pins 
and additional components of three resistors. 
The two threshold voltages, as well as the 
hysterisis, are determined by the values of 
the three resistors and the parameters of the 
PLS153 device, which are 1) input threshold 
voltage, Vty, 2) High output voltage, Vou, 
and 3) Low output voltage, Vo... The circuit 
may be simplified if Schmitt function is 
needed only on Low going High or High going 
Low, and if the hysterisis and threshold 
voltages are not important. 


DESCRIPTION 

A simplified block diagram of a non-inverting 
Schmitt trigger is shown in 1 where R;, Ro, 
and R;, Rg, form two pairs of voltage dividers 
one of which get into action at input voltage 
direction of High going Low and the other 
Low going High. Assuming that input voltage 


starts at zero volt, the output voltage is 
therefore at Vo, which causes Qz to pull R3 
towards ground. As the input voltage 
increases, only a fraction of the voltage is 
impressed upon the input buffer due to the 
dividing network R; and R3. As soon as the 
input voltage reaches a point where V;=VrTy 
(VtH=1.38V typical), the output switches to 
Vou which, in turn, turns off Qs and turns on 
Q;. V; will jump to a value greater than Vry 
and Q, then pulls the input pin, through Ro, 
towards Voy, which in turn locks the output to 
a High state even if the input voltage 
fluctuates, as long as it does not fluctuate 
outside of the designed hysterisis. When the 
input voltage goes from a High to a Low, the 
Schmitt function repeats itself except that Q; 
and Q> reverse their roles. 


The triggering voltages, Vy (Low going High) 
and V, (High going Low) are: 


Vu=Vtu [(R1+R3)/Ra] — Vor (Ri/Ra); 
Vi=VtH [(Ri+R2)/Re] — Vou (Ri/Roe); 


where, at room temperature, Vcc = 5.0V, 
lou/loL<1mA. Vy is the threshold voltage of 


OUTPUT 


Application Note 
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the device, typically 1.38V; Vo, is the output 
Low voltage of the device, typically 0.36V at 
| lor | <1mA; Voy is the output High voltage 
of the device, typically 3.8V at | Ioy | <1mA. 


The implementation of 1 using PLS153/153A 
is as shown in Figures 2a and 2b. A scope 
photo of the operation of the circuit is shown 
in Figure 6. 


An inverting Schmitt triggered buffer may be 
constructed using the same principle. A 
simple block diagram of such inverter is 
shown in Figure 3a. The circuit is 
implemented as shown in Figures 3b and c. 


If the voltage levels (V_ and Vy) and the 
hysterisis are not critical, one I/O pin may be 
used to pull the input pin High and Low. 
Therefore one I/O pin and a resistor may be 
saved. The drawback is that the range of Vy, 
and V, is quite limited. The circuit is as 
shown in Figure 4. 


If Schmitt function is needed only in one 
direction, one of the resistor/output circuit 
may be eliminated. The circuit is as shown in 
Figure 5. 


Figure 1. Simplified Block Diagram of a Schmitt Trigger 
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PLS153/153A 


TO OTHER AND TERMS 


a. Using PLS153/153A 


NOTE: Schmitt trigger output may be obtained from both Ip and B(|)g to drive the AND-ARRAY. 


SNAP LISTING FOR A SCHMITT TRIGGER FUNCTION. EXTERNAL RESISTORS ARE REQUIRED AS SHOWN ABOVE. 


@pinlist 
input 
output 
B1 

B2 


@logic equations 
output input; 
output.oe 1 


B1.oe / output; 
B1 


b. SNAP Equations 


Figure 2. Schmitt Trigger 
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VOUT 


INPUT OUTPUT 


VIN 


a. Simplified Block Diagram 


PLS153 


TO OTHER AND TERMS 


b. Using PLS153 


SNAP LISTING SHOWING INVERTING SCHMITT TRIGGER FUNCTION. 


@pinlist 

input i; 

output b 

B1 o: 

B2 O; 

@logic equations 

output = / input; 
output.oe = 1 
B1.oe = output; 
B1 = 0; 
B2.0e = output 
B2 = 1: 


c. SNAP Equations 


Figure 3. Inverting Schmitt Trigger 
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SNAP LISTING SHOWING SCHMITT TRIGGER USING 
ONE I/O PIN TO PULL INPUT HIGH OR LOW. 


4K 
INPUT > OUTPUT @pinlist 
input i; 
output 
16K Bi a: 
81 4 @logic equations _ 
output input; 


VL = 0.78V, Vy = 1.6V output.oe 1 


a. Bi output; 
B1.oe 1; 


Figure 4. Schmitt Trigger Using One I/O Pin 


SNAP LISTING FOR SCHMITT TRIGGER FUNCTION 
IN THE HIGH TO LOW DIRECTION ONLY. 


Ry 2 
INPUT > OUTPUT @pinlist — 
input i; 
output b 
CI B1 o: 
@logic equations 
BT < output input; 


output.oe 1 


a. High Going Low Direction as ie 


c. 


SNAP LISTING FOR SCHMITT TRIGGER FUNCTION 
IN THE LOW TO HIGH DIRECTION ONLY. 


OUTPUT @pinlist — 
input i; 
output b 
B1 O; 


@logic equations 
output input; 
output.oe = 1 


. Low Going High Direction a oo 


Figure 5. Schmitt Trigger 


NOTE: 
Ry = 3.9kQ, Ro = 10.8k..kQ, Rg = 2.0kQ, 
Vcc = 5.0V, Ambient temperature = 25°C 


0.5ms/div 


Figure 6. A Non-Inverting Schmitt Triggered Buffer 
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INTRODUCTION 

Ten years ago, in their search for a 
straightforward solution to complex sequential 
problems, Philips Semiconductors originated 
Programmable Logic Sequencers. Philips 
Semiconductors Programmable Sequencers 
represent a product line which combines the 
versatility of two programmable arrays (PLA 
concept) with flip-flops, to achieve powerful 
state machine architectures. 


Each arrangement or “architecture” offers a 
variation of the basic concept which 
combines two programmable logic arrays with 
some flip-flops, in an undedicated fashion. 
The PLA product terms are not specifically 
dedicated to any particular flip-flop. All, none, 
or any mix in between may be connected to 
any flip-flop the designer chooses. The PLA 
structure therefore supports 100% product 
term-sharing as well as very wide OR 
functions preceding the flip-flops. 


Philips Semiconductors line of Programmable 
Logic Sequencers has been further 
customized to accommodate specific types of 
state machine designs. Some have both 
registered and combinatorial outputs, 
specifically for synchronous and 
asynchronous Moore-type state machines. 
Others have state or buried registers, as well 
as output registers. These devices 
(PLUS105, PLC42VA12 and PLUS405) are 
ideal for synchronous Mealy-type 
applications. 


Figure 1. Up-Down Counter 
State Diagram 
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J-K and S-R register functions are another 
benefit. The logic functions provided by these 
types of registers far exceed the capability of 
a D-type register. The functionality of the J-K 
allows the designer to optimize the logic used 
in generating state transitions. Ninety percent 
of PAL devices have D-type registers. All the 
sequencers are equipped with three state 
options for bussing operations, JK or SR 
flip-flops and some form of register 
Preset/Reset functions. 


Finally, all PLS devices have a Transition 
Complement Array. This asynchronous 
feedback path, from the OR array to the AND 
array, generates “complement” transition 
functions using a single term. Virtually hidden 
in between the AND array and the OR array 
is the Complement Array. This single NOR 
gate is not necessarily “an array,” however 
the inputs and outputs of this complement 
gate span the entire AND array. The input(s) 
to the Complement Array can be any of the 
product terms from the AND array. The 
output of the Complement Array will be the 
‘complement’ of the product term input. If 
several product terms are connected to the 
Complement Array, their respective 
complements can also be generated. The 
output of the Complement Array is fed back 
to the AND array, whereby it can be logically 
gated through another AND gate and finally 
propagated to the OR array. The significance 
being that the complement state of several 


[STATE 0] 
IF [U] 
IF [/D] 


[STATE 1] 
IF [U] 
IF [/D] 


[STATE 2] 
IF [U] 
IF [/D] 


[STATE 3] 
IF [U] 
LF [/D] 


product terms can be generated using one 
additional AND product term. For example, if 
an efficient method of sensing that no inputs 
were asserted was needed, the designer 
could connect the output of appropriate AND 
gates to the complement NOR gate. The 
output of the NOR gate could then be used to 
condition and then set or reset a flip-flop 
accordingly. As well, he could detect a 
particular state variable combination and 
force a transition to a new state, independent 
of the inputs. Or he could combine input 
signals and state (AND) terms to generate a 
new composite term. In any of these 
applications, the Complement Array greatly 
reduces the number of state transition terms 
required. 


In order to present the material in the most 
concise fashion, a brief state equation tutorial 
is presented first. The PLUS105 description 
immediately follows. In this capsule 
description, the level of detail is expanded, so 
read it first for basic understanding. Each 
additional presentation will be done with 
regard to the fundamentals described for the 
PLUS105. Figure 3 shows the detailed 
drawing of the PLUS105 in full detail. 

Figure 4 shows a compressed rendition of the 
same diagram so that the reader can 
understand the diagram notation. The 
compressed shorthand version will be used 
for the rest of the sequencers. 


[STATE 1] 
[STATE 3] 


[STATE 2] 
[STATE 0] 


[STATE 3] 
[STATE 1] 


THEN 
THEN 


[STATE 0] 
[STATE 2] 


Figure 2. STATE EQUATIONS to Implement Up-Down Counter for JK 
or SR Type Flip-Flop Based Sequencer 
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State Equation Tutorial 

STATE equation entry is a convenient way to 
describe elementary sequential machines in a 
manner which is directly related to a state 
diagram of the machine. The basic 
commands are few, but can be combined in a 
powerful fashion. Figure 1 shows a 4 state 
up-down counter for a machine with an 
U(up)/D(down) input line. Figure 2 shows the 
state equation syntax to implement Figure 1. 


The basic meaning can be summarized in the 
following way. Simply, “while in state X” if 
input “Y” occurs, “transverse to state Z”. This 
is a Moore machine model. Mealy may be 
accommodated by addition of the “with” 
operation which designates an output 
variable being associated as shown below: 


A.) While [CURRENT STATE] 
with [OUTPUT VARIABLE] 
IF [INPUT VARIABLE] 
then [NEXT STATE] 

or 

B.) While [CURRENT STATE] 
IF [INPUT VARIABLE] 
then [NEXT STATE] 
with [OUTPUT VARIABLE] 


If a latched output variable is desired, the 
addition of a prime notion (/) to the right of the 
output variable is required. 


The designer must assign the binary values 
of choice to specific states for a state 
equation function to be implemented. The 
Philips Semiconductors SNAP manual details 
state equation solutions with more examples, 
but the advantage of state equations is that 
the designer can be less involved with the 
internal structure of the sequencer than 
required by other methods. 
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The PLUS105 

This part (Figure 3) has sixteen logic inputs 
and eight outputs. It also has eight S-R 
flip-flops tied directly to those output pins 
through 3-State buffers (common control from 
pin 19). The user may select pin 19 to be an 
Output Enable signal or an asynchronous 
preset (PR) signal which is common to all 
flip-flops. Embedded into the device are 48 
AND gates. All flip-flops are S-R type with an 
OR gate on both S and R. The designer may 
choose any number of product terms and 
connect them with any OR gate. The product 
terms can also be shared across any OR 
gate, as needed. Six of the 14 flip-flops are 
termed “buried registers” as their outputs are 
fed back to the AND array, regenerating both 
the Q and /Q state variables. There is no 
direct connection to an output. Both the input 
signals and the state variables Q and /Q are 
fed to the AND array through buffers which 
provided the TRUE (or noninverted) and 
Complement (inverted) renditions of the 
variable. This is critical for the efficient use of 
the AND array. The designer has all state and 
input variables necessary to generate any 
state transition signal to set and/or reset 
commands to the flip-flops. Because of this 
AND/OR arrangement, combined with 
complete freedom of configuration, all 
sequential design optimization methods are 
applicable. 


There are many other feature capabilities 
suitable for creative usage. For example, it is 
common practice to use the 48 product terms 
with the 6-bit buried register, treating the 
output 8-bit register as an intermediate, 
loadable data register only. This provides a 
very good bus “pipeline” for the internal 6-bit 
machine. However, other logic options can be 
accomplished by combining internal state 
information (present state) with current input 
information, generating a next state which is 
different from the current internal state. 
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Figure 3. PLUS105 
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Figure 4. Compressed Drawing of PLUS105 
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The PLS155, 157, and 159A constitute a 
three part family of 20-pin sequencers that 
are well suited for high speed handshakers, 
counters, shift registers, pattern detectors 
and sequence generators. Additional 
applications include testability enhancement, 
demonstrated in the application examples of 
signature analysis and pseudo random 
number generation. The three devices are 
very similar in architecture. All have a total of 
12 possible outputs. The difference is the 
ratio of combinational I/O to registered 
outputs available. 


The PLS155 

The PLS155 is a sequencer providing four 
J-K flip-flops with a PLA having 32 logic 
product terms and 13 control product terms. 
Eight combinational I/O are available in 
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addition to the four registered outputs. All of 
the state variables and combinational 
variables are presented to the output pins by 
way of 3-State inverting buffers. The 
combinational and state variable outputs are 
fully connected (fed back) back to the AND 
array in both the True and Complemented 
form of the variable. The product includes a 
special feature that allows the user to 
configure the flip-flops as either J-K or D 
flip-flops on an individual basis. A Register 
Preload feature is supported via two product 
terms (La, Lb) which permit “back loading’ of 
data into the flip-flops, directly from the output 
pins. The part can now be easily forced into 
any known state by enabling La, Lb, applying 
data at the outputs (previously “3-Stated”), 
and applying a clock pulse. Register Preset 
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Figure 5. PLS155 Architecture 
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and Reset functions are controlled in 2 banks 
of 2 registers each. Note that control product 
terms are from the OR array. 


The outputs of all variables are 3-State 
controlled by a unique partition. Pin 11 
provides an Output Enable input (OE) which 
can be asserted with the EA and EB control 
product terms. EA controls the flip-flops FO 
and F1, and EB controls F2 and F3. Each 
combinational output term has a distinct 
3-State control term (DO - D7) originating 
from the AND array of the PLA. Each 
combinational output variable can be 
programmed as inverting (active LOW) or 
non-inverting (active HIGH) by way of the 
output polarity EX-OR gate associated with 
each I/O pin. 
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The PLS157 

This sequencer features all the attributes of 
the aforementioned PLS155, however, two 
flip-flops have been added, at the expense of 
two of the combinational outputs. Pins 13 and 
18 on the PLS157 are flip-flop driven, where 
the same pins on the PLS155 are 
combinatorial, driven from the PLA. Again, all 
variables (input, output, or state variables) 
fully connect over the PLA portion with both 
True and complemented versions supplied. 
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The number of product terms, the 
Complement array, Output Enable, 3-State 
configurations, Register Preload, etc., track 
the PLS155 part. As with the PLS155, distinct 
clock input on pin 1 is provided for 
synchronous operation. Register Preset and 
Reset are available in 2 banks. Pin F4 and Fs 
are controlled from the AND array (Product 
Terms Pg and Rg). The remaining 4 registers, 
Fo - F3, are controlled by the sum terms (from 
the OR array) Pa and Ra. 
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Figure 6. PLS157 Architecture 
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Designs requiring more than 16 states but 
less than or equal to 64 states are solid 
candidates for realization with the PLS157. It 
can be configured as a Moore machine for 
counter and shifter designs from the flip-flop 
outputs, or as high speed pulse generators or 
sequence detectors with the combinational 
outputs. Mixed solutions are also possible. 
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The PLS159A combinational outputs, enhances the number —_ For enhanced performance, the flip-flop 
By extending the PLS157 arrangementeven Of available internal states while maintaining outputs are inverted. To provide positive 
further, the PLS159A can be derived. Again, product term and pin compatibility. Note that outputs for shifters and counters, the input 


maintaining identical input, product terms, all registers are controlled from the AND variables and state feedback variables can be 
Complement array and similar 3-State array in 2 groups of four. selectively inverted through an input receiver 
partitioning, the PLS159A also resides in a The PLS159A is an octal part. It readily or the feedback path through the AND gate 
20-pin package. The expansion to dual 4-bit enters the environment of the 8-bit data array. 

banks of flip-flops, at the expense of 2 operand as well as the bus oriented system. 
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Figure 7. PLS159A Architecture 
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There are three basic members in the 24-pin support state machine designs of up to 256 asynchronous Preset and the Output Enable 

package family: The PLS167A, the states—as two outputs feed back into the are identical to the PLS105A. 

PLS168A, and the PLS179. The PLC42VA12_ ~— AND array, making a total of eight buried ee ee oe 

is discussed elsewhere. registers. There is complete feedback hartge - ; 
connectivity of the inputs and the state capability, it provides an automatic buffer for 

The PLS167A flip-flop outputs to the PLA AND gates. bus based systems. The current state may be 

The PLS167A has 14 logic inputs and six Organizationally it has much more in sasdaleae Doane ise att es 

registered outputs (S-R flip-flops). Six common with the PLS105A than the bus—while the internal buried machine is 


transitioning to the next state based on 


additional buried flip-flops reside beside the aforementioned 20-pin parts. The ; He 
current input conditions. 


48 product term AND array. This device can 


Figure 8. PLS167A 
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The PLS168A 

This sequencer is a down-scaled version of 
the PLS105A. Having identical product terms, 
Complement array, asynchronous 
PRESET/Output Enable options, and 3-State 
controls, its primary difference is having 12 
inputs compared to the PLS105A’s 16 inputs. 
However, the PLS168A can become a state 
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machine of up to 1024 states due to internal 
feed back of its six state registers, plus the 


feedback of four of the eight output registers. 


The PLS168A is packaged in a 300mil-wide 
24-pin DIP or 28-pin PLCC. 


This is also an octal part, providing an 8-bit 
register to a bus based system. State 
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Figure 9. PLS168A 
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registers, interrupt vector synchronizers, 
counters, shifters, or just about any basic 
state machine can be generated and 3-State 
interfaced to a computer bus with a 
PLS168A. Outputs provided by the positive 
asserted sense make state transitioning and 
loading of state variables straightforward. 


OUTPUT 
REG. 
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The PLS179 PLS159A, the PLS179 Preset and Reset 
The PLS179 is architecturally similar to the functions are controlled from the AND array 
PLS159A. The 3-State enable, number of in 2 groups of 4 registers each. 

product terms, flip-flop mode controls, The PLS179 is also an octal part. Providing 
register preload, etc., are all identical to the the state contents directly to the pin through 
PLS 159A. The four additional inputs are the 3-State buffers allows counters and other 
dominant differentiating feature for this part sequence generators direct access to an 

as compared to the PLS159A. As with the asserted low octal bus. Some design 
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Figure 10. PLS179 Architecture 
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creativity will generate positive assertion 
through the pin inverters, for positive driven 
busses. Additional input pins expand the 
capability of the part beyond the PLS159A. 
Input combinations may be presented in a 
wider format, more fully decoded to the 
sequencer for faster reaction and less 
external circuitry than the PLS159A requires. 
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The PLUS405 

The PLUS405 is a functional superset of the 
PLUS105. It is also much faster. The 
performance of the PLUS405 has been 
dramatically improved relative to the 
PLS105A. Available in two speed versions, 
the operating frequencies ('/tis + tcxo) range 
from 37 to 45MHz (minimum guaranteed 
frequency). The clock frequencies, or toggle 
rate of the flip-flops, are 50MHz and 
58.8MHz, respectively. The PLUS405 has 16 
more product terms and two more buried 
state registers than the PLUS105. Equipped 
with two independent clocks, it is partitionable 
into two distinct state machines with 
independent clocks. And, it contains two 
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independent Complement arrays, allowing full 
benefits over both machines. 


The PLUS405 can be partitioned as one large 
state machine (16FFs) with 64 available 
p-terms using one clock and 16 inputs or 
alternately two state machines (8FFs each) 
with independent clocks, sharing 64 p-terms 
with 15 inputs in any combination the user 
desires. The Complement arrays can be used 
to generate the “else” transition over each 
state machine or alternately used as NOR 
gates. They can be coupled into a latch if 
needed. 


The Asynchronous Preset option of the 
PLS105/167/168 architectures has been 
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replaced with a Programmable Initialization 
feature. Instead of a Preset to all logic “1"s, 
the user can customize the Preset/Reset 
pattern of each individual register. When the 
INIT pin (Pin 19) is raised to a logic “1”, all 
registers are preset/or reset. The clocks are 
inhibited (locked out) until the INIT signal is 
taken Low. Note that Pin 19 also controls the 
OE function. Either Initialization or OE is 
available, but not both. 


A CMOS extension to the PLUS405 is Philips 
Semiconductors PLC415, which is pin 
compatible and a functional superset of the 
PLUS405 architecture. 
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PLUS405 


Circuitry with dashed line 
is replicated four times. 
(16 JK flip-flops) 


Figure 11. PLUS405 


The Future is Here Now. new “Super Sequencers” are available now information. See also the CMOS Sequencers 
Recent architectural extensions are currently _ for high-end new designs. Please check the section for more design examples using the 
available from Philips Semiconductors. These data sheet section of this handbook for more PLC415 and the PLC42VA12. 


include the PLC415 and PLC42VA12. These 
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INTRODUCTION 

The PLS168/168A is a bipolar Programmable 
Logic Sequencer as shown in Figure 1, which 
consists of 12 inputs, a 48 product term PLA 
and 14 R/S flip-flops. Out of the 14 flip-flops, 
six are buried State Registers (P4-Pg), four 
Output Registers (Fo-F3), and four 
Dual-purpose Registers (Po-P3), which may 
be used as Output or State Registers. All 
flip-flops are positive edge-triggered. They 
are preset to “1” at power-up, or may be 
asynchronously set to “1” by an optional 
PR/OE pin, which may be programmed either 
as a preset pin or as an Output Enable pin. 
Additional features includes the Complement 
Array and diagnostics features. 


ARCHITECTURE 

As shown in Figure 2, the device is organized 
as a decoding AND-OR network which drives 
a set of registers some of which, in turn, 
feedbacks to the AND/OR decoder while the 
rest serve as outputs. Outputs Pp to Ps may 
be programmed to feedback to the AND/OR 
decoder as State Registers and, at the same 
time, used as outputs. The user now can 
design a 10-bit state machine without 
external wiring. The AND/OR array is the 
classical PLA structure in which the outputs 
of all the AND gates can be programmed to 
drive all the OR gates. The schematic 
diagram of the AND-OR array is shown in 
Figure 3. This structure provides the user a 
very structured design methodology which 
can be automated by CAD tools, such as 
Philips Semiconductors SNAP software 
package. The output of the PLA is in the form 
of sum-of-products which, together with the 
RS flip-flops, is the ideal structure for 
implementation of state machines. (Refer to 
Appendix A for a brief description of 
synchronous finite state machines.) 


Design Tools 

State machines may be implemented easily 
with the assistance of a PLD design software 
package. The software, such as Philips 
SNAP package, allows for various methods 
of design description entry. State machines 
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may be described using direct H/L table entry, 
schematic entry, Boolean equations, or state 
equations. The preferred method is, of 
course, state equation entry. The syntax for 
each software package differs but is generally 
of the form: 


WHILE [present state] 


IF [input condition] then [new state] with 
[output] 
IF [input condition] then [new state] with 
[output] 
IF [input condition] then [new state] with 
[output] 


Only one input condition should be active at 
any one time, otherwise two or more product 
terms trying to force the machine into 
different states may be active simultaneously. 
The result would be a state machine in an 
unexpected state, which would not be a 
desirable condition. The manual for your 
software package should be consulted for 
specific syntax rules and options. 


Direct H/L table entry is not recommended for 
design entry, however looking at a table for 
verification of a design and for learning how 
State equations are implemented in a device 
is useful. SNAP does not provide access to a 
table from a menu entry. Instead, run the 
program 'FUSETABLE’ from the DOS 
prompt. ABEL from Data I/O, provides a 
program called IFLDOC to display the 
JEDEC file in a H/L table format. Designs 
implemented in sequencer devices using JK 
or SR type flip-flops are easier to interpret in 
a H/L table format than those using D-type 
flip-flops. 


The following examples illustrate how state 
equations are implemented in a PLS168 
device. Two of them illustrate the functioning 
of the Complement Array and how it may be 
used to reduce the number of product terms 
used in a simple state machine design. The 
last example shows how only one 
Complement Array may be used in a state 
machine design which uses multiple ELSE 
statements. 
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A PLS168 H/L table as shown in the data 
sheet is shown in Table 1. The table is 
organized according to input and output of 
the PLA decoding network. The lefthand side 
of the table represent the inputs to the 
AND-array, which includes input from input 
pins and present state information from the 
feedback buffers which feedback the contents 
of the State Register. The righthand side of 
the table represents the output of the 
OR-array, which drives the State and Output 
Registers as the next state and output. Each 
column in the lefthand side of the table 
represents an input buffer, which may be 
inverting, non-inverting, disconnected or 
unprogrammed. Each column in the righthand 
side of the table represents a pair of outputs 
to the flip-flops, which may be set, reset, 
disconnected, or unprogrammed. The 
programming symbols are H, L, —, and 0. 
(See Figure 4 for details.) For inputs buffers, 
“H” means that the non-inverting buffer is 
connected, “L” means that the inverting buffer 
is connected, “—" means that both inverting 
and non-inverting buffers are disconnected, 
and “O” means that both inverting and 
non-inverting buffers are connected which 
causes that particular AND-term to be 
unconditionally Low. On the output side of the 
table, “H" means that the particular AND-term 
is connected to the OR-term on the “S” input 
of the particular flip-flop, “L” means that the 
AND-term is connected to the “R” side, “—" 
means that the AND-term is not connected to 
the flip-flop at all, and “O” means that the 
AND-term is connected to both the “S” and 
“R” sides. More details of the symbols and 
their meanings are shown in Appendix B. 
Each row in the table represents an 
AND-term. There are 48 AND-terms in the 
device. Therefore, there are 48 rows in the 
table. An example of implementing a 
transition from one state to another is shown 
in Figure 4a. The state diagram can be 
implemented by the PLS168 as shown in 
Figure 4b. The state diagram is translated 
into H/L format as shown in Figure 4c. The 
first column on the lefthand side of the table 
is for the Complement Array which will be 
discussed in detail in the next section. 
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== Programmable connection. 


All programmed “AND” gate locations are pulled to logic “1”. 
2. All programmed “OR” gate locations are pulled to logic “O”. 
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Figure 2. The Architecture of PLS168/168A 
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Figure 3. Schematic Diagram of AND-OR Array 
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a. State Diagram 


b. Implementation of State Diagram (a) with PLS168 


OPTION (P/E 


wr reserare | wevawre [our 

TERM |C, 
PPP PPE LEED PPPoE EEE b pelle [sep f 2p > 
GUNS UDBS SS 6055 06S C0 3550035500 0500505 


c. PLS168 Programming Table 
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Figure 4. Implementing State Machine with PLS168 
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Figure 5. Logic Diagram of Complement Array 


Complement Array 

An additional feature is the Complement 
Array, which is often used to provide escape 
vectors in case the state machines get into 
undefined states during power-up or a timing 
violation due to asynchronous inputs. A logic 
diagram of the Complement Array is shown in 
Figure 5. The output of the Complement 
Array is normally Low when one or more 
AND-terms are High. If all of the AND-terms 
are Low, then the output of the Complement 
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Array will be High. In this example, if each 
AND-term is a decoder for a particular state 
and input combination, and if the circuit gets 
into an undefined state, none of the 
AND-terms will be High. Therefore, the output 
/C will be High, which will then enable the 
AND-term S which in turn may be used to 
reset all registers to Low or High as 
predefined. The state machine thus escapes 
from being in an undefined state by using the 
Complement Array and one AND-term. 


Without the Complement Array an alternate 
way of escaping from being in an undefined 
State is by defining all possible states which 
are not being defined. This method may 
require quite a few AND-terms depending on 
the design. Another application for the 
Complement Array is illustrated by the 
following example. As shown in Figure 6, 
when the machine is in state 23, if input 
vector equals 1001, it will go to next state 24. 
If the input is 1101, then go to state 25. But if 
the input is neither 1001 nor 1101, then go to 
state 03. It takes only two terms to implement 
the first two transition vectors. 
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To implement the third vector “go to state 03 
if input is neither 1001 nor 1101”, the 
Complement Array accepts the outputs of the 
first two AND-terms as inputs. If the input 
vector is neither 1001 nor 1101, then both 
terms will be Low, which causes the output of 
the Complement Array (/C) to be High. A third 
AND-term is used to AND state 24 and /C 
together to set the registers to state 03. The 
State Diagram is translated into SNAP syntax 
as shown in Figure 6b, where all vectors are 
in square brackets and the Complement 
Array is represented by the ELSE statement. 
The State diagram Figure 6a can also be 
expressed in the format of a program table as 
shown in Figure 6c. The complement array 
may be used to exit from different present 
states to different next states. It can be used 
many times in one state machine design as 
shown in Figures 7a, b, and c where the state 
diagram is implemented using the SNAP 
state equation syntax and a H/L format 
representation. 
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1001+T101/OUTg 
1101/OUTp 


NOTE: 1001*1101=1001+1101 


a. State Diagram 


WHILE [23 
IF [1001] THEN [24] WITH [OUT1] 
IF [1101] THEN [25] WITH [OUT2] 
ELSE [03] WITH [OUT9] 


b. SNAP State Equation Syntax 
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c. H/L Format 


Figure 6. Application of Complement Array 
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WHILE [00] 
IF [0000] THEN [01] WITH [OUTO} 
IF [0001] THEN [02] WITH [OUT1] 
ELSE [3F] WITH [OUT9} 
WHILE [01] 
'F [0010] THEN [03] WITH [OUT2] 
IF [0011] THEN [04] WITH [OUT3] 
ELSE [2F] WITH [OUT6] 
WHILE 
IF [0100] THEN [05] WITH [OUT4] 
IF [0101] THEN [06] WITH [OUTS] 
ELSE [2F] WITH [OUT7] 


b. SNAP State Equation 


OPTION (PR/OE 
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c. PLS168 Programming Table 


Figure 7. Applications of Complement Array 


October 1993 610 


Philips Semiconductors Programmable Logic Devices Application Note 


PLS168/168A Primer ANO23 


0 
g & 12 16 20 24 28 32 36 40 44 48 


NUMBER OF TERMS NUMBER OF TERMS 


a. PLS168 Setup Time b. PLS168 Setup Time 


vs. P-Term Loading vas Plot Loweing Figure 9. Difference in Propagation 


Figure 8 Delay Due to Different P-Term Loading 
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OUTPUT UNDETERMINED 7 
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Figure 10. Change of tcxo Due to Metastable Condition of Flip-Flop 
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Optional Preset/Output Enable 
The PR/OE pin provides the user with the 
option of either using that pin to control the 
3-State output buffers of the Output 
Registers, or have that pin to asynchronously 
preset all registers to High. The purpose of 
the preset function is to provide the system a 
way to set the PLS168 to a known state, all 
Highs. The output enable function are 
sometimes used where the state machine is 
connected to a bus which is shared by other 
output circuits. It is also used during 
power-up sequence to keep the PLS168 from 
sending power glitches to other circuits which 
it drives. By programming the PR/OE pin to 
control the 3-State output buffers, the preset 
function is permanently disabled. By 
programming the PR/OE pin to control the 
asynchronous preset of the registers, the 
output buffers are permanently enabled. 
While using the preset function to 
asynchronously preset the register, if a rising 
edge of the clock occurs while the preset 
input is High, the registers will remain preset. 
Normal flip-flop operation will resume only 
after the preset input is Low and the rising 
edge of the next clock. Setting the registers 
to a predefined pattern other than all Highs 
may be accomplished by using a dedicated 
p-term, which is activated by an input pin 
which will also inhibit all other p-terms which 
are being used. The inhibiting of other 
p-terms eliminates the problem of 
undetermined state of an RS flip-flop caused 
by having Highs on both R and S inputs. 
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Diagnostic Features 

In debugging a state machine, sometimes it 
is necessary to know what is the content of 
the state register. The buried State Register 
may be read by applying +10V on lo, which 
will cause the contents of register bits P, to 
Ps, Pg to Pg to be displayed on output pins Fo 
to Fz and Pp and P3 respectively. While the 
device can handle the +10V on pin lo, 
prolonged and continuous use will cause the 
chip to heat up since more power is being 
dissipated at +10V. To facilitate more 
expedient functional tests, synchronous 
preset vectors as described above may be 
used to set the State Register to different 
states without having to go through the entire 
sequence. 


Timing Requirements 

Since the PLS168 is intended to be a 
synchronous finite state machine, the inputs 
are expected to be synchronous to the clock 
and set-up and hold time requirements are 
expected to be met. In general, the set-up 
time requirement is measured at its worst 
case as having the entire AND-array 
connected to the OR-term being measured 
and there is only one active AND-term to 
drive the entire line. The set-up time 
decreases from there as less p-terms are 
used. This is due to the capacitance of the 
unused AND-terms being removed from the 
line. Figure 8a shows the typical set-up time 
requirement of a PLS 168A device. Figure 8b 
shows the normalized set-up time as a 
percentage of the worst case, which is with 
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48 terms connected. In a typical state 
machine design, some flip-flops will change 
states more frequently than others. Those 
that change more frequently will have more 
p-term loading on its OR gates than those 
that change states less frequently. The 
different loadings on the OR-terms cause 
different delay on the inputs of the flip-flops 
as shown in Figure 9. If an input fails to meet 
the set-up time specification, it is possible 
that the resultant of the input change gets to 
one set of flip-flops before the rising edge of 
the clock while it gets to other flip-flops during 
or after the clock’s rising edge. The result is 
that some flip-flops have changed states and 
some have not, or some get into metastable 
condition as shown in Figure 10. The state 
machine is now either out of sequence or is 
in an undefined state. This problem often 
occurs with asynchronous inputs which is 
generated totally independent of the clock on 
the system. A common remedy for the 
problem of asynchronous inputs is to use 
latches or flip-flops to catch the input and 
then synchronously feed it to the state 
machine. This minimizes the problem with the 
different propagation delays due to different 
p-term loading. But there is still a finite 
probability that the external latches or 
flip-flops will get into metastable condition, 
which may be propagated into the state 
machine. Nevertheless, the window for the 
flip-flops in state machine to get into 
undefined states or metastable condition is 
narrowed by a great extent. 
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APPENDIX A 


INTRODUCTION TO STATE 
MACHINE 


A state machine is a synchronous sequential 
circuit which interprets inputs and generates 
outputs in accordance with a predetermined 
logic sequence. It is analogous to running a 
computer program with a computer. The state 
machine, with its sequence coded in 


INPUTS 


INPUT 
DECODER 


MEMORY 
ELEMENTS 


MEMORY 
ELEMENTS 
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hardware, can run much faster than a 
computer running the sequence in software. 
Therefore, it is often used in controller 
applications where speed is important. 


Generally, state machines may be classified 
as Mealy or Moore machines as shown in 
Figures 1a and 1b. The fundamental 
difference of the two types are: the output of 
a Moore machine is a dependent of only the 


OUTPUTS 


OUTPUT 
DECODER 


Appendix A-1. Moore Machine Model 


OUTPUTS 


OUTPUT 
DECODER 


Appendix A-2. Mealy Machine Model 
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state of the memory elements whereas the 
output of a Mealy machine is a dependent of 
both the state of the memory elements and 
the inputs to the state machine. The figures 
also show graphic representations of the logic 
sequence in the form of state diagram in 
which the bubbles represent state vectors, 
and the arrows represent transitions from 
present states to next states. 


STa IS PRESENT STATE 
OUTa IS OUTPUT VECTOR 


INa IS INPUT VECTOR 


STb IS NEXT STATE 
OUTb IS OUTPUT VECTOR 


STa IS PRESENT STATE 


INa IS INPUT VECTOR 
OUT, IS OUTPUT VECTOR 


STb IS NEXT STATE 
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APPENDIX B 


LOGIC PROGRAMMING 
The PLS can be programmed by means of 
Logic programming equipment. 


With Logic programming, the AND/OR gate 
input connections necessary to implement 
the desired logic function are coded directly 
from the State Diagram using the Program 
Table on the following page. 


In this table, the logic state or action of 
control variables C, !, P, N, and F, associated 
with each Transition Term Tp, is assigned a 
symbol which results in the proper fusing 
pattern of corresponding link pairs, defined as 
follows: 


“AND” ARRAY - (1), (P) 


“OR” ARRAY -— (N), (F) 


Th 
nE-<en 
nt) DD 


ACTION CODE 
INACTIVE!» 3 


“COMPLEMENT” ARRAY - (C) 


PRESET/OE - (P/E) 


PROGRAMMING: 

The PLS168/A has a power-up preset feature. This feature insures that the device will 
power-up in a known state with all register elements (State and Output Register) at logic High 
(H). When programming the device it is important to realize this is the initial state of the 
device. You must provide a next state jump if you do not wish to use all Highs (H) as the 
present state. 


[stave Ove 
[powteane | - 


c c 
c c 
Th Th 


ACTION 
INACTIVE! 4 GENERATE PROPAGATE TRANSPARENT 


NOTES: 


1. This is the initial unprogrammed state of all links. 
2. Any gate T, will be unconditionally inhibited if both the true and complement of any input (I or P) are left intact. 
3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T,, (see 


flip-flop truth tables). 


4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp. 
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A Programmable Alarm System — are driven from a variety of alarm transducers 
PLS168 such as reed switches, smoke detectors, 


A basic alarm controller can be considered as Pressure basic etc. An ARM input switches 
a black box with several inputs and several the system into a state which allows detection 


outputs (Figure 1). Some inputs are used for of the various alarm conditions and a RESET 


detection and others for control. Detect inputs 


CONTROL 
INPUTS 


SOUNDER 
PREATAK ALARM OUTPUTS 
CONTROLLER 


DETECT 
INPUTS ALARM 1 
STATUS 


INDICATOR 


Figure 1. Basic Alarm Controller 


peratak/ 
sounder 
arm-reset/ arm-fire-perata 


sounder arm-reset/sounde 


fire/ 
sounder 


fire/sounder. 


input is used to reset the system after an 
alarm has been triggered and dealt with or on 
re-entering the protected area. Outputs from 
the system include a sounder, a beacon and 
status indicators. 


= leceiiierea ire/sounder exit delay-fire-(arm-reset) 


fire-(arm-reset/ fire/sounder 


sounde 

alarm 1-fire/sounder 
alarm 2-fire/sounder 
alarm 3-fire/sounder 


arm-reset/ 
sounder 


TO ST_NULL 


alarm 1-fire/Sounder, 
alarm 2-fire/sounder. 
alarm 3-fire/sounder 
entry delay -fire/sounder 


TO ST_NULL 
arm-reset/sounde 


a j O€ 
TOST 4 fire/sounder 


Figure 2. State Diagram for the Alarm Controller 
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Detect inputs can be divided into timed, 
untimed, fire and personal attack inputs. 
Timed circuits allow entry/exit delay circuits 
for front and rear doors, to delay operation of 
the alarm for approximately 16 seconds. 
Untimed circuits cause the alarm to operate 
immediately when an alarm condition occurs. 
These would be used to protect unusual 
means of entry, such as windows. Both the 
timed and untimed circuits should operate 
only if the system is armed. 


The personal attack circuit is a special case 
untimed circuit and should operate only when 
the system is disarmed. The fire-detect circuit 
is again a special case untimed circuit and 
should operate regardless of whether the 
system is armed or not. 


Outputs from the controller drive an external 
sounder and beacon. After 128 seconds, the 
sounder should turn off if the alarm has been 
triggered by either a timed or general untimed 
circuit. However, when a fire or personal 
attack triggers the system, the sounder 
should not turn off until the system is reset 
and the alarm condition removed. 


State Machine Implementation 
This design is best implemented as a state 
machine. The state diagram is derived from 
the verbal system description. Please note 
from Figure 2 the controller can be in one of 
six possible states. Examine the transitions 


from ST_NULL as an example. If a personal 
attack or fire condition occurs while in this 
State, a transition to ST_1 takes place as 
indicated by the arrows on the diagram. Also 
at this time the sounder and beacon are 
activated, thus giving the alarm. If the fire and 
personal attack conditions have not occurred 
and the ARM SWITCH is set, then a 
transition to ST_0 takes place. 


Similarly, other arrows on the state diagram 
represent transitions between other states 
when specified input conditions occur. Output 
parameters are shown to the right of the 
slash line. Where there are no output 
parameters specified in a transition term, this 
indicates that no output changes are desired 
during this transition. That is, an output will 
hold its present value until told to change. 


PLD Implementation 

Having defined the desired system operation 
it is now time to select the required device to 
implement the desired system function from 
the PLD Data Manual. In this case, the 
device selected is the PLS168. Figure 3 
shows the pinning information for the alarm 
controller. A 10-bit counter within the 
controller produces the entry/exit and 
sounder turn-off delays since this makes 
more efficient use of the PLD facilities than 
implementing the delays as part of the state 
machine. This counter uses seven internal 
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registers with feedback and three without. For 
those registers without feedback, external 
wiring feeds their outputs back into the device 
to complete the 20-bit counter. Pins five to 
ten are used for this purpose. Output T7 also 
forms part of the counter. 


Three other registers form the state registers 
and are labeled SRO, SR1 and BEACON. 
State vectors for these registers have to be 
chosen with care to ensure that the beacon 
output is activated at the correct time. Other 
inputs and outputs are as already discussed. 
Note that the PR/OE pin is not used. SNAP 
defaults its use to a register PRESET 
function. This pin should be tied to ground in 
the final circuit. 


The EQN file of SNAP is separated into 
sections. First, in the @PINLIST section all 
of the signal names connected directly to the 
pins and their function is listed. If a signal 
name is used later in the file and not listed in 
the @PINLIST section, that signal is 
assumed to represent an internal node. The 
@PINLIST and @LOGIC EQUATIONS 
sections of the EQN file are shown in Table 1. 
The remaining state machine portion of the 
EQN file is shown in Table 2. Register SRO 
halts and clears the counter while the 
controller is in certain states. This needs to 
be considered when defining the state 
vectors. 
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TABLE 1. SNAP EQUATIONS 


@PINLIST 
clock i; 
arm i; 
reset i; 
peratak i; 
t8in i; 
tSin i; 
t1l0in i; 
alarm3 
alarm2 
alarml 
timed2 
timedl 
fire 


t10 

t9 

ts 

t7o 
sounder 
beacon 

srl 

sx0 Oo; 


@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 
“ten-bit counter for delay” 


= /t1*/sr0; 

t1*/srO + sr0; 

clock; 

t1*/t2*/sr0; 

t1* t2*/sr0O + sr0; 
= clock; 

t1* t2*/t3*/sr0; 

t1* t2* t3*/srO + sr0; 

clock; 

t1l* t2* t3*/t4*/sr0; 

t1* t2* t3* t4*/sr0 + srO0; 

clock; 

t1* t2* t3* t4*/t5*/sr0; 

t1* t2* t3* t4* t5*/sr0 + sr0; 
-clk = clock; 
-6 = t1* t2* t3* t4* t5*/t6é*/sr0; 
c= t1* t2* t3* t4* t5* t6*/sr0 + sr0; 
.clk = clock; 
-6§ = t1l* t2* t3* t4* t5* t6*/t7*/sr0; 
t1* t2* t3* t4* t5* t6* t7*/sr0 + srO0; 
clock; 


ti. 
tl. 
oe 
t2. 
t2. 
tz. 
ts. 


hQA HH AH OD 
H H 
1 ee | | 


t1l* t2* t3* té6é* t7*/t8in*/sr0; 
t1* t2* t3* t6* t7* t8in*/srO + sr0; 
clock; 
t1* t2* t3* t6* t7* t8in*/t9in*/sr0; 
t1* t2* t3* t6* t7* t8in* t9in*/srO + sr0; 
clock; 
t1* t2* t3* t6* t7* t8in* t9in*/t1l0in*/sr0; 
t1* t2* t3* té* t7* t8in* t9in* t10in*/sr0O + sr0; 
= clock; 


= clock; 
= clock; 
beacon.clk = clock; 
sounder.clk = clock; (EQN file continued in Table 2) 
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State Equation Entry 

The state equation entry portion of the EQN 
file uses a state-transition language, 
parameters of which are taken directly from 
the state diagram. Information is entered into 
this file in a free format. The only points to 
remember are that the square brackets 
should be used throughout to define the state 
registers and transitions, semicolons should 
be used to mark the end of vector definition. 
State vectors can be defined in the state 
equation entry file as shown in Table 2. State 
vectors are simply a means of labeling an 
arrangement of state registers which can be 
used later to define state transitions. Because 
we are using the BEACON output register as 
a state register also and SRO is being used to 


halt and clear the 10-bit counter, particular 
care must be taken in defining the state 
vectors in this instance. 


From the state diagram, the counter must 
begin counting during states ST_0, ST_2 and 
ST_3 and it must be cleared during states 
ST_1, ST_4and ST_NULL. State ST_NULL 
represents the power-up state of the PLS168 
in which all register outputs are at logic one. 
Thus the inactive state of the counter is 
defined as being when SRO is at logic one, 
therefore, SRO must be at this level during 
states ST_1 and ST_4 and at logic zero 
during other states. The alarm beacon is 
considered to be active by an active-low 
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signal and must be activated during states 
ST_3and ST_4. Register SR1 must therefore 
be chosen to ensure mutual exclusivity 
between state vectors. Input and output 
vectors can be defined in the same manner in 
terms of input and output label names. In this 
case, however, the label names are used 
directly. State transitions can now be derived 
directly from the state diagram. Entry/exit 
and sounder turn-off delay times are 
represented as a decoding of the 10-bit 
counter states. Thus to get the desired 16 
second entry/exit delay. t7 must be decoded 
and to achieve the 128 second sounder 
turn-off delay t10in must be decoded. 
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TABLE 2. SNAP EQUATIONS 


@INPUT VECTORS 
@OUTPUT VECTORS 
[sounder] srff 

s on = Ob; 

s off = lb; 


@STATE VECTORS 
[sr0O, srl, beacon]srff 
st_null = 111b; 
st_0 = 001b; 
st_l = 101b; 
st_2 011b; 
st_3 010b; 
st_4 = 100b; 


@TRANSITIONS 


while [st_null] 
if [arm*/fire*/peratak] [st_0] 
if [peratak] [st_ 4] 
if [fire] [st_4] 


while [st_0] 
if [(t7*/fire* (armtreset) ] [st_1] 
if [/arm*/reset] [st_null] 
if [fire] [st_4] 


while [st_1] 
if [timedl*/fire] [st_2] 
if [timed2*/fire] [st_2] 
if [alarml*/fire] [st_ 3] 
if [alarm2*/fire] [st_3] 
if [alarm3*/fire] [st_3] 
if [/arm*/reset] [st_null] 
if [fire] [st_4] 


while [st_2] 
if [t7*/fire] [st_3] 
if [alarml*/fire] [st_3] 
if {alarm2*/fire] [st_3] 
if [alarm3*/fire] [st_3] 
if [/arm*/reset] [st_null] 
if [fire] [st_ 4] 


while [st_3] 
if [tl0in*/fire*(armtreset)] then [st_4] 
if [/arm*/reset] then [st_null] 
if [fire] then [st_4] 


while [st_4] 
if [/arm*/reset] then [st_null] 
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Figure 3. 


With the system fully defined, simply 


assemble the design information using SNAP. 


Functioning of the device can be verified with 
the SNAP simulator, which can also be used 
to check A.C. timings before downloading the 
pattern to a device programmer. 


Programmability 

The PLS168 device could now be used as 
the controller of an alarm system. As it 
stands, the device assumes that all the alarm 
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Pinning Information for the Alarm Controller 


KO 


Figure 4. Alarm System based on the PLS168 


inputs indicate an alarm condition when in the 
high state, logic one, and that the alarms are 
activated when the alarm outputs are active 
low (i.€., at logic zero). 


Should an alarm input transducer be used 
which indicates an alarm condition as a low 
State, this can be catered for by altering the 
EQN file. For example, consider a smoke 
detector which outputs logic zero on 
detection of an alarm condition and assume 
that this transducer is driving the “fire” input 
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KEL 


Heat Detector Switch . —~e 


of the device. By changing all references to 
‘fire’ in the EQN file to ‘/fire’ and all instances 
of ‘/fire’ to ‘fire’ then the activation of the 
alarms will occur when logic zero is applied to 
this input and not when logic one is applied, 
as in the original case. 


Polarity of the output signals cannot be 
altered as easily, as the device will always 
power-up with the outputs at logic one. This 
should not prove to be a problem since the 
outputs simply drive output transistors and 


Philips Semiconductors Programmable Logic Products 


Application Note 


Alarm Controller 


these can be used to produce the correct 
polarity signal for the beacon and sounder. 


System Implementation 

Figure 2 shows a typical alarm system based 
on this device. The system clock is produced 
by a relaxation oscillator built from 74HC132 
Schmitt Triggers. Values of Ry and C; shown 
result in a frequency of approximately 4Hz 
which will provide the desired entry/exit and 
sounder turn-off delays. These delays can be 
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modified either by changing the external 
oscillator circuit or by decoding a different 
internal counter state. For example, to 
increase the entry/exit delay change all 
references to t7 in the EQN file to t8. Both 
normally-closed and normally-open loop 
implementations are shown. Due to the 
distances involved in an alarm system, the 
open-loop configuration may cause problems, 
being driven by the positive supply. to avoid 


N ba 


ae: 


NINN 


\ 


Figure 5. Status LEDs Connected to the alarm 
controller as shown provide status information 
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this problem, input-detect polarity of the 
open-loop circuit can be changed by altering 
the EQN file. 


Status indication can be provided by 
connecting LEDs as in Figure 5. When the 
reset button is pressed, any LED being lit will 
indicate an alarm condition for that input. This 
will not reset the alarm system unless the 
arm switch is off. 
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INTRODUCTION 

The general technique underlying the 
operation of this A/D converter is illustrated 
by the functional block diagram in Figure 1. 
The system consists of a D/A converter, a 
comparator circuit, and digital logic circuitry. 
The digital logic circuitry outputs a digital 
value which is converted to analog by the D/A 
converter. 


The comparator senses when the output is 
greater or less than the input and causes the 
digital circuit to decrement or increment its 
digital output respectively. The initial 
conversion is completed in 13 clock cycles. If 
tracking mode is used, the A/D converter 
then tracks the input voltage as it changes by 
incrementing or decrementing 1-LSB per 
clock. The tracking function makes it possible 
to make an A/D conversion in one clock cycle 
if the input changes less than the value of 
1-LSB per clock period. The conversion may 
be halted and the digital output, as well as 
the converted analog output from DAC, will 
hold their output constant indefinitely. This 
feature works well as sample-and-hold since 
its output voltage will not decay over time 
whereas the output of an analog sample/hold 
will decay due to charge leakages. 


In order to avoid the violation of setup time by 
the output of the comparator, its output is 
latched. There is a built-in 2-phase clock in 
U2 which may be used to drive the logic 
circuitry and the latch of the comparator (see 
Philips Semiconductors NE5105 data sheet 
for details on output latches of voltage 
comparators). 


The analog input voltage may be sampled 
and held by an analog sample/hold circuit to 
keep the input to the ADC from changing. 
The DONE output may be used to control the 
sample-and-hold if needed. 


This paper discusses only the digital circuit 
which contains the SAR and the Up/Down 


Counter. The analog circuits are not within 
the scope of this paper. 


SAR 

Two PLS179s are connected together to form 
a 12-bit shift register and up/down counter. 
The schematic diagram of the A/D converter 
is shown in Figure 2. U2 contains bits 0 to 4 
and U1 contains Bits 5 to 11. Interconnects 
are made as shown in the diagram. The 
digital output to the DAC is in natural binary 
format (e.g. 0000 0000 0000 equal zero, and 
1111 1111 1111 is full scale or 4095). After the 
nST input becomes 0, at the rising edge of 
the next clock, the SAR is initialized to 
half-scale (1000 0000 0000) and the DONE 
flip-flop is reset to output 0 which causes the 
open-collector output nNDone_OC to become 
high impedance. 


The digital output is converted by the DAC 
and is compared to the analog input voltage 
by the comparator. If the digital output is 
greater than the analog input, the SAR shifts 
the 1 to next MSB on the right. The content of 
the SAR becomes (0100 0000 0000). If the 
digital output is still greater than the input, the 
SAR shifts right one bit again. The content of 
the SAR then becomes (0010 0000 0000). 
The shifting of 1 to the next MSB in 
equivalent to reducing by half the value of the 
bit under consideration. If the output is still 
too large, the SAR reduces it by half again by 
shifting to the right one more time. The SAR 
keeps shifting to the right until the digital 
output is less than the input. When the output 
is less than the input, the SAR adds one bit to 
the next MSB while keeping all the higher 
order bits unchanged. For example, if the 
current output is 0001 0000 0000 and the 
output is less than the input, the SAR adds 
one bit to the right at the next clock. The 
output becomes 0001 1000 0000. The output 


12-BIT SAR 
AND 
UP/DOWN COUNTER 


is again compared to the input. If the addition 
of that one bit is too much, it will be shifted to 
the right until the output becomes less than 
the input. When that happens, that SAR will 
again add one bit to the right. The algorithm 
of the SAR may be summarized as the 
following: If the output is greater than the 
input, shift to the right; otherwise add one bit 
to the right. This process continues until all 
12 bits have been operated on. The last bit 
(Bit 0) is always changed from 0 to 1, which 
is used as the condition to set DONE to 1 
which, in turn, sets open-collector output, 
/nDONE_OC, to 0. 


UP/DOWN COUNTER 

After DONE becomes 1, if /nST and nHOLD 
are 1 and nTRACK is 0, the SAR turns into a 
12-bit up/down counter. If the analog input 
voltage increases, the counter will increment 
by 1 at every clock until it matches the input. 
If the input decreases, the counter will 
decrement by 1. When nHOLD becomes 0, 
the counter is inhibited and the output is held 
indefinitely. The counters consist of 12 toggle 
flip-flops and 2 p-terms per flip-flop for 
directional control. The counter will operate 
only after the approximation cycle is 
completed and DONE is 1. 


Since the nST and nHOLD inputs may be 
asynchronous with the clock, in order to 
minimize the possibilities of having a 
metastable condition from happening, these 
inputs close-up are latched by flip-flops 
nSTART of U1 and nHLD of U2 respectively. 
Once they are latched, subsequent operation 
begins at the rising-edge of the next clock. 
The output of the comparator may be latched 
to prevent setup time violation. (Philips 
Semiconductors NE5105 is a high-speed 
comparator with an output latch. External 
latch may be used with other comparators.) 


12-BIT DATA OUTPUT 


COMPARATOR 


12-BIT DAC 


Figure 1. Functional Block Diagram of 12-Bit High-Speed A/D Converter 
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Figure 2. Schematic Diagram of 12-Bit High-Speed A/D Converter 


Ma) 2h kee 
o 
wo 


October 1993 623 


Philips Semiconductors Programmable Logic Devices 


Application Note 


High-speed 12-bit tracking A/D converter using PLS179 


ANO028 


CLOCKS 

U2 generates an optional 2-phase clock 
which may be used to control the latch of the 
comparator. The two clocks are basically 
180° out of phase and CLOCK2 has an 
additional 25ns propagation delay behind 
CLOCK1. CLOCK2 is used to drive the 
clock-inputs of the PLS179 devices. 


The clock frequency is controlled by R and C. 
Those who want to use the built-in clock 
should experiment with RC time constants for 
the best value. It is recommended that the 
capacitance should be less than 1000pF for 
best results. 


DONE AND nDONE_OC 

The output DONE is reset to 0 when nST is 
0. It remains 0 until the approximation cycle is 
completed. After the least significant bit 
becomes 1, the DONE bit becomes 1 at the 
next clock. It remains 1 until it is reset again 
by input nST. 


The nDONE_OC output is configured to 
emulate an open-collector output. The output 
is programmed to have a logic 0. When 
DONE is 0, the 3-State output buffer is set to 


Hi-Z condition. As soon as DONE equals 1, 
the 3-State buffer is enabled and 
nDONE_OC becomes 0. 


In the initial phase of A/D conversion, 13 
clock cycles are required. It is essential that 
the input voltage to the comparator remains 
unchanged while the SAR is converting. It 
may be necessary to have a sample/hold at 
the front end. The DONE output may be used 
to control the analog sample/hold circuit. 


INPUT LATCHES 

Flip-flop nSTART and 2 p-terms in U1 are 
configured as a non-inverting D flip-flop. The 
input, nST, and the output nSTART have the 
same polarities. Flip-flop nHLD and 2 p-terms 
in U2 also form a non-inverting D flip-flop. 
The output nHLD and the input nHOLD have 
the same polarities. 


AMAZE IMPLEMENTATION 

The implementation of the logic circuit using 
ABEL is as shown in the appendices. Two 
files (ADCS1.ABL and ADCS2.ABL) are 
generated for each PLS179s. State machine 


and Boolean equation design entries are 
used for both files. 


The SAR circuit is designed as a state 
machine and the up/down counter, input 
latches, 2-phase clocks and the 
open-collector output are implemented by 
using Boolean equations. BITO to 4 are 
described in ADCS2 and BITS5 to 11 are in 
ADCS1. Toggle flip-flops are implemented by 
the JK flip-flops (when .J=.K). In order to 
combine two different design entries into one 
device, pin attribute assignment 'ISTYPE 
REG_JK' must be given to keep output 
registers type consistency (ABEL will default 
state machine to D-F/F). 


Test vectors are also supplied with each 
design file to simulate SAR and up/down 
counter functions. Note that U2 will not start 
functioning until BITS and U1 becomes 1 and 
ripples into U2. When nST becomes 0, it 
clears all the state registers and next 
conversion cycle begins. The files are then 
compiled and simulated to produce the 
JEDEC files (ADCS1.JED and ADCS2.JED) 
and the simulation files (ADCS1.SIM and 
ADCS2.SIM). 


CLOCK 1 JUUULULULU UU LULU LL LI $e 


>| — tpp < 25ns 


CLOCK 2 JUUUUU UU UU UU uu 


BITSO-11 


| ty > 1 CLOCK PERIOD 


SUCCESSIVE APPROXIMATION 


Figure 3. Timing Diagram of Successive Approximation Cycle 
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APPENDIX A: ABEL DESIGN FILE OF U1 


MODULE ADCS1; 
TITLE ‘SAR AND UPDOWN COUNTER FOR THE BITS5..BIT11 
PHILIPS SEMICONDUCTORS’ 


DECLARATIONS 
ADCS1 DEVICE ‘F179’; 


“Signal names preceding with a ‘'n’ means ‘active low’. 
“INPUTS 
CLOCK, nST, COMPARE, nHLD, nTRACK PIN 1,2,3,4,0; 
BIT4, BIT3, BIT2, BIT1, BITO, DONE PIN 6,7,8, 9,10, 11; 


“OUTPUTS 
BITS, BIT6, BIT7, BIT8, BITS PIN 15,16,17,18,19 ISTYPE 'REG JK’; 
BIT10,BIT11,nSTART PIN 20,21,22 ISTYPE ‘REG JK’; 


B,b,CK, A= 1, 0, .€., «Rez 


“GREATER means digital output is greater than analog input, 
“LESS means digital output is less than analog inputs, 

GREATER = COMPARES&!BIT4&!BIT3&!BIT2&!BIT1&!BITO&nST& ! DONE; 
LESS = !'COMPARES !BIT4&!BIT3&!BIT2&!BIT1&!BITO&nST& ! DONE; 


SREG = [nSTART, BIT11,BIT10,BIT9, BIT8, BIT7, BIT6, BITS] ; 


BEGIN = [X, 
INIT = [0, 
HALF SCALE = [1, 
ST2048 (1, 
ST1024 = [1, 
ST512 (1, 
ST256 (1, 
ST128 = [1, 
ST64 (1, 
ST32 = [1, 


: 
. 
: 


: 
: 
: 


: 
: 
: 


~ 
: 
. 


: 
: 


. 
. 
: 


- 
- 
: 


xxXM HOO OOO K 
~*~ x o oo°O oOo x 
x HOO eco0o° o x 
oro) o0O°0 oo°o x 

— ed ee a 
ae. 


- 
: 


AD1024 = [X, 
AD512 [X, 
AD256 [X, 
AD128 [X, 
AD64 Ex, 
AD32 [X, 
AD16 = [1, 


tad 
ba 
tad 
~*~ 


SH1024 = [X, 
SH512 [X, 
SH256 = [Xx, 
SH128 (x, 
SH64 [X, 
SH32 [X, 
SH16 = [X, 


October 1993 625 


Philips Semiconductors Programmable Logic Devices 


Application Note 


High-speed 12-bit tracking A/D converter using PLS179 


ANO028 


APPENDIX A: ABEL DESIGN FILE OF U1 (Continued) 


EQUATIONS 


SREG.CLK = CLOCK; 


“Non-Inverting Input Latch: nSTART = nST 
nSTART.J = !nST; 
nSTART.K = nST; 


“UPDOWN COUNTER” 


BITS .J 


BITS .K 


BIT6.J 


BIT6.K 


BIT7.J3 


BIT7.K 


BIT8.J 


BIT8 .K 
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'nSTART.Q & !nTRACK & DONE & nHLD& COMPARE & 
'BITO & !BIT1 & !BIT2 & !BIT3 & !BIT4 

# 

'nSTART.Q & !nTRACK & DONE & nHLD& !COMPARE & 
BITO & BIT1 & BIT2 & BIT3 & BIT4; 


'nSTART.Q & !nTRACK & DONE & nHLD& COMPARE & 
'BITO & !BIT1 & !BIT2 & !BIT3 & !BIT4 

s 

'nSTART.Q & !nTRACK & DONE & nHLD& !COMPARE & 
BITO & BIT1 & BIT2 & BIT3 & BIT4; 


'nSTART.Q & !nTRACK & DONE & nHLD & COMPARE & 
'BITO & !BIT1 & !BIT2 & !BIT3 & !BIT4 & BIT5.Q 
# 

'nSTART.Q & !nTRACK & DONE & nHLD & !COMPARE & 
BITO & BIT1 & BIT2 & BIT3 & BIT4 & !BIT5.Q; 


'nSTART.Q & !nTRACK & DONE & nHLD & COMPARE & 
'BITO & !BIT1 & !BIT2 & !BIT3 & !BIT4 & BIT5.Q 
# 

'nSTART.Q & !nTRACK & DONE & nHLD & !COMPARE & 
BITO & BIT1 & BIT2 & BIT3 & BIT4 & !BIT5.Q; 


'nSTART.Q & !nTRACK & DONE & nHLD & COMPARE & 

'BITO & !BIT1 & !BIT2 & !BIT3 & !BIT4 & BIT5.Q & BITE 
4 

'nSTART.Q & !nTRACK & DONE & nHLD & !COMPARE & 

BITO & BIT1 & BIT2 & BIT3 & BIT4 & !BIT5.Q & !BIT6.Q; 


'nSTART.Q & !nTRACK & DONE & nHLD & COMPARE & 

'BITO & !BIT1 & !BIT2 & !BIT3 & !BIT4 & BIT5.Q & BIT6 
# 

'nSTART.Q & !nTRACK & DONE & nHLD & !COMPARE & 

BITO & BIT1 & BIT2 & BIT3 & BIT4 & !BIT5.Q & !BIT6.Q; 


'nSTART.Q & !nTRACK & DONE & nHLD & COMPARE & 

'BITO & !BIT1 & !BIT2 & !BIT3 & !BIT4 & BIT5.Q & BIT6 
# 

'nSTART.Q & !nTRACK & DONE & nHLD & !COMPARE & 


-Q 


-Q 


-Q & BIT7.Q 


BITO & BIT1 & BIT2 & BIT3 & BIT4 & !BIT5.Q & !BIT6.Q & !BIT7.Q; 


'nSTART.Q & !nTRACK & DONE & nHLD & COMPARE & 

'BITO & !BIT1 & !BIT2 & !BIT3 & !BIT4 & BIT5.Q & BITE 
# 

'nSTART.Q & !nTRACK & DONE & nHLD & !COMPARE & 


-<Q & BIT?.9 


BITO & BIT1 & BIT2 & BIT3 & BIT4 & !BIT5.Q & !BIT6.Q & !BIT7.Q; 
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'nTRACK & DONE & nHLD & COMPARE & 
'BIT2& !BIT3& !BIT4& BIT5.Q& BITE. 


'nSTART.Q & 
'BITO& !BIT1é 
& 

'nSTART.Q & 
BITO & BIT1& BIT2& BIT3& BIT4E 


'nTRACK & DONE & nHLD & !COMPARE & 


'BITS .Q& 


'nTRACK & DONE & nHLD & COMPARE & 
!'BIT2& !BIT3& !BIT4& BIT5.Q& BITE. 


!nSTART.Q & 
{'BITO& !BIT1éE 
e 

!nSTART.Q & 
BITO & BIT1& BIT2& BIT3& BIT4& 


'nTRACK & DONE & nHLD & 
'BITS .Q& 


'COMPARE & 


'nTRACK & DONE & nHLD & COMPARE & 
'BIT2& !BIT3& !BIT4& BIT5.Q& BITE. 


BIT10.J 'nSTART.Q & 
'BITOs !BIT1é 
# 

'nSTART.Q & !nTRACK & DONE & nHLD & 


BITO& BIT1é&é BIT2& BIT3& BIT4& !BIT5S.QO& 


'COMPARE & 
'BIT6.Q& 
BIT10 .K 'nTRACK & DONE & nHLD & COMPARE & 

'BIT2& !BIT3& !BIT4& BIT5.Q& BITE. 


'nSTART.Q & 
'BITOé !BIT1é& 
# 

'nSTART.Q & !nTRACK & DONE & nHLD & 
BITO& BIT1& BIT2& BIT3& BIT4& !BIT5.QO& 


'COMPARE & 
'BIT6 .Q& 
BITLi.«d 'nSTART.Q & !nTRACK & DONE & nHLD & COMPARE & 
'BITOs !BIT1l& !BIT2& !BIT3& !BIT4& BIT5.Q& BITE. 
# 

'nSTART.Q & 
BITO& BIT1& BIT2& BIT3& BIT4E 


'nTRACK & DONE & nHLD & !COMPARE & 
'BIT5.Q& !BIT6.Q& 
BIT11.K 'nSTART.Q & 
'BITOs !BIT1é 
a 

'nSTART.Q & !nTRACK & DONE & nHLD & 
BITO& BIT1& BIT2& BIT3& BIT4& !BIT5.Q& 


'nTRACK & DONE & nHLD & COMPARE & 
'BIT2& !BIT3& !BIT4& BIT5.Q& BITE. 


'COMPARE & 
'BIT6 .Q& 
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Q& BIT7.Q& BIT8.Q 


'BIT7.Q& !BIT8.QO; 


Q& BIT7.Q& BIT8.O 


'BIT7.Q& !BIT8.Q; 


Q& BIT7.Q& BIT8.QO& BITI.O 


'BIT7.Q& !BIT8.Q& !BITI.Q; 


Q& BIT7.Q& BIT8.O& BITSY. 


'BIT7.Q& !BIT8.Q& !BITS. 


Q& BIT7.Q& BIT8.Q& BITSY. BIT10.9Q 


'BIT7.Q& !BIT8.Q& !BIT9.Q& !BIT10.Q; 


Q& BIT7.Q& BIT8.QO& BITS. BIT10.9Q 


'BIT7.Q& !BIT8.Q& !BITS. 'BIT10.Q; 
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APPENDIX A: ABEL DESIGN FILE OF U1 (Continued) 


STATE DIAGRAM SREG; 


STATE BEGIN: 
if 'nST then INIT; 


INIT: 
if nST then HALFSCALE; 


ST2048: 
if GREATER then SH1024 
if LESS then AD1024; 


S$T1024: 
if GREATER then SH512 
if LESS then AD512; 


ST512: 
if GREATER then SH256 
if LESS then AD256; 


ST256: 
if GREATER then SH128 
if LESS then AD128; 


ST128: 
if GREATER then SH64 
if LESS then AD64; 


ST64: 
if GREATER then SH32 
if LESS then AD32; 


ST32: 
if GREATER then SH16 
if LESS then AD16; 
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ABEL DESIGN FILE OF U1 (Continued) 


([nST, nHLD, nTRACK, BIT4, BIT3, BIT2, BIT1, BITO, DONE, CLOCK, COMPARE] 


[nSTART, BIT11,BIT10,BIT9, BIT8, BIT7, BIT6, BITS] ) 


TEST VECTORS 


“1 power-on reset 


“2 
“3 


. 
’ 


ee Uh ey ks ep ey el 

=e [1 dvbgadp by hp eed 

<-> [1,1451,1,4,4,1,23)] 7 
-—> [0,0,0,0,0,0,0,0]; 
-> [0,0,0,0,0,0,0,0]; 
-> [0,0,0,0,0,0,0,0] 

=> [1,1,0,0,6,0,0,0]; 
—> [1,0,1,0,0,0,0, 0]; 
=> [1,0,0,1,0,0,0,01 3 
=—> [1,0,0,0,1,0,0,0]; 


{1,1,1,0,0,0,0,0,0,0 , 0] 


. 
’ 


(1, 4,1,0,0,0,0,0,0,EK,90] 
fi,1,1,0,0,;0,0,0,0,CK, 0] 
[0,1,1,0,0,0,0,0,0,CK, 0] 
(0, 1,1,0,6,0,0,0,0,CK, 0) 
[0,1,1,0,0,0,0,0,0,CK, 0] 
(1,1,1,0,0,0,0,0,0,€K,0] 
(i, 41,1, 0,9,0,0,0,0,CK, 1] 
[1,1,2;0,0,09,0,0,0,CK,1] 
[1,1,1,0,0,0,0,0,0,CK,1] 


“4 nST resets outputs to 0s 


“5 
“6 


. 
, 


“7 State machine goes to HALFSACLE 
”“8 and SAR begins 


“9 
“10 


ag 
"Le 
a fa | 


=> [1,0,0,9,0,1,0,0]; 
=> [1,0,0,0,;60,4;,21; 0] F 
-> [1,0,0,0,0,41,1,4]; 
~> [1,0,0,0,0,2,4,0]; 


fi, 4,4,9,8,0,0,0,0,CK, 1] 
(1,1,1,6,;0,0,0,0,0,CK,0] 
[i,1,1,0,0,0,0,0,0,CK, 0] 
[i,i;,1,0,9,0,0,0,0,CK,i1] 


“14 End of SAR of bit5-11 


{[1,1,1,1,0,0,0,0,0,CK,1] -> [1,0,0,0,0,1,1,0]; “15 Outputs keep unchange 


fi,1,1,0,1,0,0,0,0,6K, 1) 
[1,1,1,0,1,1,0,0,0, CK, 0] 
[1,1,1,0,1,0,1,0,0,CK, 0] 
[1,1,1,0,1,0,1,1, 0, CK, 0] 
[i .4,%,0,1,1.4,1;,1,. 08.01 


“16 
wii 
“18 
"19 


<> fl, 0,0,0,0,1, 1,07; 
~» [1,0,0,0,0,1,1,0]; 
=> [1,0,0,0,0,1,1,0]; 
—> [1,0,0,0,0,1,1,0];7 
=> [(1,0,0,0,0,1,1,0] 


“20 End of SAR of bit0-4 


. 
, 


{1,1,0,1,1,1,1,1,1,CK,1] -> [1,0,0,0,0,1,1,0]; “21 Tracking (up/down counter) started 


[1,41,0,1,1,4,1,41,1,CK,0] —> [1,0,0,0,0,1,1,1]; “22 up 


(1,1,0,1,1,1,1,1,1,CK, 0] 


“23 up 


—? [1,0,0,0,1,0,0,0] ; 


[1,1,0,1,1,1,1,0,1,CK,0] -—> [1,0,0,0,1,0,0,0]; “24 unchange 
(4,4,90,2,1,1,1,0,1,CK,0] => [1,0,9,9,1,9,0,0]7 “25 unchange 
{[1,1,0,1,1,1,1,0,1,CK,0] -> [1,0,0,0,1,0,0,0]; “26 unchange 


[2,4;0,4,4; 3 ¢h9 he, CR, 0] 
[1,1,0,0,0,0,0,0,1,CK,1] 
(1,1,0,0,0,9,0,0,1,€K,1] 
(i,1,9,4,1,4,1,1,1,CK, 0] 


“27 up 


—e [1,0,0,0,1,0,0,247 
=» [1,0,0,0,4;,0,9,0]5 
=> [(1,0,0,0,0,1,4,1] 7 
=>» [1,0,0,0,1,0,0,0]; 


“28 down 
“29 down 


“30 up 


{i,1,9,4,4,4,41,4,1,CK, 0] 
[indy Oya; 4d, 1,54, 4,4,C8, 0) 
(2,4, 0, 47h, h,b55527 ER. 0) 
(1,1,0,2,4,1,1,24,14,CK, 0] 
[i,4,0,3,4,1,1,1,1,C8%, 0] 


“31 up 


—> (1,0,0,0,1,0,0,1]; 
ae (10,0, 0,250 pao OD] 7 
a> [1,0,0, 0.2; 9 ;h521 5 
—> [1,0,0,0,1,1,0,0]; 
—> [1,0,0,0,1,2,0,4]7 


“32 up 


“33 up 


“34 up 


"a0 Up 


{1,0,0,1,1,1,1,1,1,CK,0] -> [1,0,0,0,1,1,0,1]; “36 nHLD goes LOW, hold the output value 


{[1,0,0,0,0,0,0,0,1,CK, 1] 
(1,0,0,1,1,1,1,1,1,CK, 0] 
itp; Sp dg dg ky dp by hyp ER, 2] 


os 
“38 


=> (1, 9,9,0,4,4;,0,4] 7 
—> [L,9,0,0,1,1,0, 1]; 
=> [1,0,0,0,4,12,0,4] 7 


"39 


[0,1,1,0,0,0,0,0,0,CK,0] -> [0,0,0,0,0,0,0,0]; “40 Next conversion cycle begins 


(1,1,1,0,0,0,0,0,0,CK, 0] 


[1 


“41 HALFSACLE 


=F LL, Ls 0, 0, G, 0,0, 0); 


“42 SAR begins 


,9,0,0,0,0); 
“43 


1 


‘ 


0 
-> [1,0,1,1,0,0,0,0]; 


’ 


=> [1 


1] 


, 


CK 


, 


,O,0,0,0,0,90 


a 


~ 


1 


‘ 


{1,1,1,0,0,0,0,0,0,CK, 0] 


END ADCS1 
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APPENDIX B: ABEL DESIGN FILE OF U2 


MODULE ADCS2; 


TITLE 


‘SAR AND UPDOWN COUNTER FOR THE BITO..BIT4 
PHILIPS SEMICONDUCTORS’ 


DECLARATIONS 


“INPUTS 


ADCS2 DEVICE ‘F179’; 


CLOCK, nSTART, COMPARE, nHOLD, nTRACK PIN. 1,2,.4, 4,5; 
BITS, RC, nDONE_OC PIN 6, 10,23; 


“OUTPUTS 


October 1993 


CLOCK1, CLOCK2 PIN 11,14; 
DONE, BITO, BIT1, BIT2 PIN 15,16,17,18 ISTYPE '’REG JK’; 
BIT3, BIT4, nHLD PIN 19, 20,21 ISTYPE ‘REG JK’; 


H,L,CK,X = 1,0,.C.,.X.; 


GREATER COMPARE; “IF DIGITAL OUTPUT IS GREATER THAN ANALOG INPUT. 
LESS = !COMPARE; “IF DIGITAL OUTPUT IS LESS THAN ANALOG INPUT. 


SREG = [BIT4, BIT3,BIT2,BIT1,BITO, DONE] ; 


BEGIN [X, X]; 
INIT [0, Ol; 
ST16 (1, 0]; 
ST8 (x, 0]; 
[X, 0]; 
[X, Oj; 
[X, 0]; 


[X, X]; 
[X, X]; 
[X, X]; 
[X, X]; 
[X, 117 


[0, X]; 
[X, > + 
[X, aii 
[X, xX]; 
[X, 1); 
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APPENDIX B: ABEL DESIGN FILE OF U2 (Continued) 


EQUATIONS 


SREG .CLK 


= CLOCK; 


nHLD.CLK = CLOCK; 


“Non-Inverting Input Latch: 


nHLD.J = 
nHLD .K 


“UP /DOWN 
BITO.J 
BITO. 


BiTi . 


Bitl . 


'nHOLD ; 


nHOLD ; 


COUNTER” 


(nSTART 
(nSTART 


(nSTART 
#nSTART 
(nSTART 
#nSTART 


(nSTART 
#nSTART 
(nSTART 
#nSTART 


(nSTART 
#nSTART 
(nSTART 
#nSTART 


'nTRACK 
!'nTRACK 


!'nTRACK 
!nTRACK 
!'nTRACK 
!'nTRACK 


'nTRACK 
!'nTRACK 
!'nTRACK 
!'nTRACK 


!'nTRACK 
!'nTRACK 
!'nTRACK 
!'nTRACK 


'DONE . 
!DONE . 


'DONE . 
'DONE . 
'DONE . 
'DONE . 


'DONE . 
!DONE . 
'DONE . 
'DONE . 


!' DONE. 
' DONE. 
'DONE . 
'DONE . 


nHOLD” 


nHLD 
nHLD 


nHLD 
nHLD 
nHLD 
nHLD 


nHLD 
nHLD 
nHLD 
nHLD 


nHLD 
nHLD 
nHLD 
nHLD 


oonovno ovnvnvnvvnv ovnovnvn ov 


& 
& 
& 
& 


'COMPARE & !BITO.Q 
COMPARE & BITO.Q); 
'COMPARE & !BITO.Q 
COMPARE & BITO.Q); 


'COMPARE & !BITO. 


Q & !BIT1.Q 
COMPARE & BITO.Q & 

Q 

& 


Biri.) 
& !BIT1.Q 
BIT1.Q) ; 


‘COMPARE & !BITO. 
COMPARE & BITO.9O 


'COMPARE & !BITO.Q & !BIT1.Q & !BIT2.9Q 
COMPARE & BITO.Q & BIT1.Q & BIT2.Q); 
'COMPARE & !BITO.Q & !BIT1.Q & !BIT2.9 


COMPARE & BITO.Q & BIT1.Q & BIT2.Q); 


nHLD &!COMPARE &!BITO.Q &!BIT1.Q S&!BIT2.Q «& !BIT3.Q 
nHLD SCOMPARE &BITO.Q &BIT1.Q &BIT2.Q & BIT3.Q); 
nNHLD &!COMPARE &!BITO.Q &!BIT1.Q &!BIT2.Q «& !BIT3.Q 
nHLD &COMPARE &BITO.Q &BIT1.Q &BIT2.Q & BIT3.Q); 


(nSTARTS& 
#nSTARTS 
(nSTARTS& 
#nSTARTS 


!'nTRACKSs 
'nTRACK& 
'nTRACK& 
!'nTRACKS& 


'DONE .Q& 
' DONE .Q& 
!'DONE .Q& 
'DONE .Q& 


nDONE_OC = 0 


nDONE_OC.OE = !DONE.Q; 


0; 
RC.OE = RC; 


CLOCK1 = RC; 
CLOCK2 = !CLOCK1; 


STATE DIAGRAM SREG; 


STATE BEGIN: 


if !nSTART then INIT; 


STATE INIT: 


if BIT5 then ST16 


STATE ST16: 
if GREATER then SH8 


if LESS then AD8; 


ST8: 
if GREATER then SH4 
if LESS then AD4; 


ST4: 
if GREATER then SH2 
if LESS then AD2; 


ST2: 
if GREATER then 
if LESS’ then 


STi: 
if GREATER then 
else IEND; 


SH1 
AD1; 


SHO 
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APPENDIX B: ABEL DESIGN FILE OF U2 (Continued) 


TEST VECTORS 
([nSTART, nHOLD, nTRACK, BIT5, COMPARE,CLOCK] -> [BIT4,BIT3,BIT2,BIT1,BITO, DONE, nHLD)) ; 


“1 Power_on reset 
“2 
”“3 nSTART clears all the output registers 
"4 
"5 
”6 
bit5=1 ripples into U2 to start SAR of bit0-4 
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end of SAR of bit0-4 
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Next conversion cycle begins 
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[1,1,1,1,1,CK] 
(1,1,1,1,1,CK] 
END ADCS2 
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Interrupt Handler — PLS179 
As an example of designing a microprocessor 
family part, consider Figure 1, which depicts 
an interrupt handler. In particular, note that 
interrupt inputs will be latched into an 8-bit 
register. This in turn will be encoded to a 3-bit 
vector which may be appropriately enabled 
and applied to the microbus. Figure 1 shows 
the eight flip-flops as having J-K and /D 
inputs which will be generated with a PLS179 
by switching the flip-flop control. Appropriate 
control signals for the various transactions 
might be as follows: 
1. CLOCK — the system synchronous time 
base. 


nm 


Interrupt Enable — when asserted high 
from the microprocessor, allows interrupts 
to be generated to the microprocessor. 


~ 


Interrupt — a strobe or level defined to 
indicate a pending interrupt and a valid 
encoded vector. 


4. Interrupt Acknowledge — a response 
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signal from the microprocessor which may 
be used to enable the 3-bit vector onto the 
bus. As well, it may initiate clearing the 
currently asserted interrupt latch. 


5. /INTO-/INT7 — eight possible interrupt 
request signals which must be asserted 
low and held there until service for that 
device has occurred. 


6. Reset -— this is a system override signal 
which will clear all flip-flops during initial 
operation. 


Basic Operation 

Initially, the part should be reset by asserting 
the RESET pin high, asynchronously. Then, 
when interrupts are enabled, the /D-inputs to 
the 8 flip-flops will be synchronously scanning 
for interrupt inputs (asserted low). This will 
put a nonzero value into the eight bit register 
which will generate an interrupt output, 
combinationally through the Complement 
array. In parallel, a 3-bit encoded vector will 
be applied on the VECO, VEC1, VEC2 lines. 
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Asserted high logic will be assumed for the 
vector. Presumably, a microprocessor will 
interrupt this, transfer control to a service 
routine and clear the interrupt. The clear will 
be accomplished by disabling interrupts and 
strobing the vector value back into the 
PLS179, using the IACK signal. Disabling the 
interrupts will put the registers into J-K mode. 
J is tied to zero and K is decoded from the 
specifically strobed vector. Therefore, 
synchronous clear of the high priority bit is 
done. Interrupts are then re-enabled and the 
process continues. 


The PLS179 solution offers room for user 
alteration. For example, the IACK condition 
could be redefined as a combination of the 
Z80 IOREQ and M1 signals, or any specific 
splitting of internal signals could be easily 
done. The design could fit into a PLS159A, 
but there would be less room for variation for 
specific users exact needs. Figure 3 shows 
the pinlist for the handler. Figure 4 gives the 
corresponding design file. 
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RESET 


INTENA [make D FFS] 
ANTENA [make J-K FFS] 


ANTO 
KLEARO 


Yy 


Figure 2. Encoder Logic Diagram 
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Figure 1. Interrupt Handler 


October 1993 634 


Philips Semiconductors Products Product specification 


Interrupt Handler AN048 


| | 

| | 
1|CLK VCC | 24] 
2|I0 B3|23] 
3|I1 F7|22) 
4|1I2 F6|21) 
5|1I3 F5/20] 
6|14 F4/19] 
7(|IS F3/18] 
8|1I6 F2|17] 
{ 9]1I7 F1|16) 
[10|B0O F0/15] 
{11|B1 B2/14] 
{12|GND OZ _|13) 

| | 

| | 


[ 
[ 
[ 
[ 
[ 
[ 
f 
[ 


Figure 3. Interrupt Handler Pin List 
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@PINLIST 
OTE 

IACK 
RESET 
ENA 

CLK 
VEC2 
INT7N 
INT6N 
INT5N 


“es 
se 


3. Ne 
‘ee Se se Se 


OUNDDD HWW 


WDWWWHHHHHR 


‘es 


@LOGIC EQUATIONS 


“Encoder Equations” 

CPT1 = INTO*INT1*INT2*/INT3; 

CPT2 = INTO*INT1*INT2*INT3*INT4*/INTS; 

CPT3 INTO*INT1*INT2*INT3*INT4*INT5*/INT6; 

CPT4 INTO*INT1*INT2* INT3*INT4* INTS*INT6*/INT7; 
VECO (INTO*/INT1+CPT1+CPT2+CPT4) ; 

VEC1 (INTO*INT1*/INT2+CPT1+CPT3+CPT4) ; 

VEC2 = (INTO*INT1*INT2*INT3*/INT4+CPT2+CPT3+CPT4) ; 
VECO. = 

VEC1. = 

VEC2. = 


C = /(/INTO+/INT1+/INT2+/INT3+/INT4+/INT5+/INT6+/INT7) ; 
INTERUPT = C; 
INTERUPT.oe = ENA; 


“Decoder Equations” 

KLEARO /VEC2*/VEC1*/VECO*IACK; ”“DECODE 
KLEAR1 = /VEC2*/VEC1*VECO*IACK; “”DECODE 
KLEAR2 /VEC2*VEC1*/VECO*IACK ; ”“DECODE 
KLEAR3 /VEC2*VEC1*VECO*IACK ; “”DECODE 
KLEAR4 VEC2*/VEC1*/VECO*IACK; ”“DECODE 
KLEARS5 VEC2*/VEC1*VECO*IACK ; ”“DECODE 
KLEAR6 VEC2*VEC1*/VECO*IACK ; ”“DECODE 
KLEAR7T = VEC2*VEC1*VECO*IACK ; ”“DECODE 


“Register equations” 

INTO .J=in0j; .J=in4j; 

INTO .K=KLEARO+in0k; -.K=KLEAR4+in4k; 
INT1.J=inlj; .J=in5j; 

INT1 .K=KLEAR1+in1lk; -K=KLEAR5+in5k; 
INT2 .J=in2j; .J=in6j; 

INT2 .K=KLEAR2+in2k; .K=KLEAR6+in6k; 
INT3 . J=in3j; -J=in7j; 

INT3 .K=KLEAR3+in3k; .K=KLEAR7+in7k; 


“Register RESET equations” 

INTO .rst=RESET; -rst=RESET; 
INT1.rst=RESET; .rst=RESET; 
INT2 .rst=RESET; -rst=RESET; 
INT3 .rst=RESET; .-rst=RESET; 


Figure 4. Interrupt Handler Design File 
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INTRODUCTION 

Philips Semiconductors PLUS405—55 is ideal 
for high performance microprocessor 
interfacing applications. Being a 
programmable integrated circuit, it adapts to 
nearly any bus or microprocessor protocol. 
The PLUS405—55 can make state machines, 
counters, and shifters running at speeds of 
55 megahertz. The architecture of the 
PLUS405—55 combines a powerful 
programmable logic array with 16 JK flip-flops 
to form a programmable part superior to any 
comparable PAL part. 


WHAT IS INTERFACING? 
Interfacing is the translation of digital signals 
from one target device to another (see 
Figure 1). Each target device has their own 
unique signal behavior, and may not be 
directly connected to each other. Correct 
connection occurs with the use of a flexible 
interface. For instance, today’s chip set 
integrated circuits connect a microprocessor 
to its memory and I/O devices. The signals 
presented by the microprocessor are not the 
specific /CAS and /RAS needed by the 
memory. Nor are the microprocessor signals 
the correct chip enables to attach to the 
UAR/T or graphics controller. Forming the 
translated signals which are appropriate for 
the memories, UAR/T’s and other controllers 
is the job of the interface chips. Unfortunately, 
there are not off-the-shelf interface parts for 
all applications. That is where programmable 
parts excel. 


With this information, we can ask: what are 
the qualities of an ideal interface part? 


An ideal interface part must have sufficient 
logic inside to make correctly any logic 
translation needed. Because almost every 
interface is between two target devices which 
use separate clocks, conventional PAL parts 
are not adequate. This includes the popular 
22V10 and most other registered PAL parts. 
To reconcile that an interface may exist 
between two target parts using different 
clocks, the interface must be able to 
synchronize signals from either or both target 
devices. So, an ideal interface must be 
clockable from at least two different clocks. 


An ideal interface part must have enough 
flip-flops inside to capture data or control 
information from the target parts, and to 
re-synchronize control signals. This suggests 
it needs at least 16 flip-flops because the 
interface might receive 8 from either target 
device. 


To support the use of the 16 flip-flops as 
handshaking flip-flops, a typical number of 
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logic AND gates is about 4 gates per flip-flop. 
This number of gates can be less if the type 
of flip-flop is a JK rather than a D flip-flop. 


An ideal interface must be as fast — if not 
faster — than the fastest target devices it must 
interface. This requirement is sometimes 
misunderstood. Most microprocessor parts 
have a clock input which is the fastest signal 
present at the outside world. Very few signals 
coming from the microprocessor are as fast 
or faster than the clock because they are 
usually made from flip-flop circuits inside the 
microprocessor. 


In the past, many designers believed that 
interface PAL parts had to be twice as fast as 
the system clock. This was because either 
the system clock was operating at twice the 
crystal frequency or the PAL part had to 
compensate for the fact that some events 
occur on rising clock edges and other events 
happen on falling clock edges. This 
misconception should be reexamined. What 
is needed is an interface part which can 
respond to both edges of the basic clock rate, 
as the interface dictates. 


Finally, the ideal interface must be electrically 
compatible with both devices that must 
communicate. This is almost always either 
CMOS or TTL and today’s technologies 
usually support a standard TTL interface. 


THE PLUS405-55... 
THE IDEAL INTERFACE! 


To meet the needs of the ideal interface, 
Philips Semiconductors designed the 
PLUS405-—55 (see Figure 2). The 405 is fast 
enough to respond to microprocessor clocks 
in excess of 50MHz, contains 16 JK flip-flops 
and a programmable logic array to control the 
flip-flops. It accepts two clock sources and 
permits the internal flip-flops to be grouped in 
one of two standard ways. The PLUS405-55 
handles simple data synchronization or 
complex bus handshaking between two target 
devices, within a single part. It is widely 
supported by Philips Semiconductors SNAP 
as well as third-party design tools. 


Let's look inside the PLUS405 to see how it 
works. First, there are 15 input pins, each 
supplying a signal or its complement, to the 
main AND array of the 405. There is an 
additional input pin which can optionally bring 
in aclock. There are 8 output pins which are 
directly tied to specific flip-flop outputs 
(labeled FO to F7). This is the fastest flip-flop 
configuration possible. It should be noted that 
the clock to Q time delay (tcxq), measured 
from the 405’s pins, is 8 nanoseconds (max). 
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This means that signals can get into and out 
of the PLUS405—55 very fast. 


The choice of flip-flops was the JK flip-flop. 
For building counters, JKs require only one 
gate per bit of additional logic. For building 
shift registers inside, no gates are required 
except that all connections use gates, so it 
uses a small number to connect the shift 
register. 


For making state machines, the number of 
gates per flip-flop is up to the application. 
There is no design restriction with 
programmable AND gates, which can be 
assigned as needed to any OR gates. This is 
superior to the ordinary PAL approach or 
even the 22V10 approach where each OR 
gate permanently connects to specific AND 
gates. AND gate outputs are shared as 
needed and there is no limit on how many 
OR gates may be driven from a single AND 
term. JK flip-flops are superior to D flip-flops 
for all state machine applications, because 
they do not need as much external logic to 
control their behavior. 


At this point, we see that the PLUS405—55 
combines two superior elements. Namely, JK 
flip-flops for making state machines and a 
programmable logic array (PLA) for forming 
logic expressions. However, there are still 
more features which the PLUS405-55 
includes. There is a special pin for tri-state 
control of the 8 output pins or alternately it 
can initialization the 405. When used to 
initialize, the pin can applies any value to the 
asynchronous set or preset of each flip-flop. 
Initialization is to any state chosen. 


The internal flip-flop connection in the 405 is 
also critical. Flip-flops are first grouped into 
two categories — 8 internal flip-flops and 8 
output flip-flops. The internal flip-flops do not 
directly access the output pins and the output 
flip-flops do not feedback. To form state 
machines inside the 405, the internal flip-flops 
are best used. This doesn’t mean that the 
output flip-flops can’t be used, but rather that 
their use with feedback requires external 
connection. This is seldom necessary. 


Another important flip-flop grouping is inside 
the 405. Four output flip-flops (FO—F3) link 
with their clock inputs to four internal 
flip-flops. The other four output flip-flops 
similarly link with four other internal flip-flops. 
This permits two separate state machines to 
be built. One state machine uses 4 internal 
flip-flops and four output flip-flops on one 
clock and four other internal flip-flops linked 
to their four output flip-flops on another clock. 
Alternately, the can all be linked together to a 
common clock, or by an external inverter, one 
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state machine can operate on the clock while 
the other one operates on the clock’s 
complement. 


Almost hidden from view in Figure 2 are two 
additional OR gates which do not drive any 
flip-flops. These two OR gates are inverted 
and fedback to the input of the AND logic 
array. The two inverted OR gates (i.e., NOR 
gates) are called complement arrays. They 
are used to save AND gates when state 
transitions are complicated. Luckily, the 
design software — SNAP and SLICE — 
automatically use these gates to save the 
designer from having to use them. The 
complement arrays also permit automatic 
homing to Known states, if a power transient 
accidentally puts a state machine into an 
undefined state. 


PERFORMANCE 

As mentioned previously, the clock to Q time 
delay is 8 nanoseconds maximum. That is 
only one part of the performance equation. 
The flip-flop speed is: 


1 


fuax = ——_—_- 
tsetup + tcKa 


When a flip-flop is put into a circuit with logic 
driving it, the logic adds delay which slows 
the circuit down. For a flip-flop with extra 
logic, that logic delay is included in the 
performance equation as follows: 


1 


fMax SS —EEEE—EEEE———————————————— 
tsetup + tpELay + tcKa 
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Passing signals through the PLA section of 
the PLUS405 (the complement array) will add 
additional time delay as follows: 


tseTup = 10 nsec 


tcxg = 8nsec 


tobELay = 8 nsec 


Without the complement array, the fax is 
55.6MHz found as the inverse of 18 
nanoseconds. This is because the 
specification includes a single signal pass 
through the PLA as part of the flip-flop setup 
time. Viewed from the outside, this makes 
sense because there is no way to get a signal 
to the flip-flop without entering the PLA. With 
the complement array, fax is the inverse of 
26 nanoseconds, found by adding the tpg, ay 
term to the fyax expression. This sets fyax 
with the complement array at 38.5MHz. An 
additional pass through the complement array 
is never needed, so the PLUS405-55 will 
never be slower than 38MHz. The additional 
complement array is included in case two 
distinct state machines are built, where each 
needs one. 


The PLUS405-—55 includes a PLA which has 
64 AND gates in it. This permits an average 
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of 4 AND gates per flip-flop, but this many are 
seldom needed, because the JK flip-flops are 
so efficient. Because the AND gate outputs 
are shared as needed, redundant terms are 
never used. There are additional buffers to do 
the asynchronous flip-flop control, and each 
JK flip-flop includes its own OR gates. 


DESIGN SUPPORT 

Designers need tools which can capture the 
design, compile it to a fusemap and download 
commercially available programmers. Philips 
Semiconductors supports the PLUS405—55 
with SNAP design software (Figure 3). This 
software runs on personal computers and 
permits designs to be formulated with 
Boolean logic equations, state equations or 
schematics. SNAP, the full-featured product, 
includes advanced simulation capability found 
only in Field Programmable Gate Array 
(FPGA) or ASIC design software. 


SNAP includes a simulator with back 
annotation of time delays to accurately model 
the PLUS405-55 as well as Philips 
Semiconductors full PLD product line. 
Additional support for the PLUS405-—55 can 
be found in third-party design tools. 
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AN EXAMPLE OF INTERFACING WITH THE PLUS405-55 


TARGET 
SYSTEM 
1 


Digital Interfacing 
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SNAP Brv818 Copyright 1990 PHILIPS SEMICONDUCTORS All rights reserved 


22:08:22 


f 


Use cursor keys to select module 
Use function keys to enter command 


1:HELP 2:RUN 3:PROJECT 4:STATUS 5:SETUP 6:SAVE 7:DOS 8:EDIT 9:PRINT 10:EXIT 


Figure 3. SNAP Shell 
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INTRODUCTION 

In multiprocessor environments there is 
considerable savings to be made through 
sharing system resources. If each processor 
must support its own bus structure, |/O 
devices, and bulk storage medium, system 
cost could be very high. In the configuration 
shown in Figure 1, all processors share a 
common communication bus, and a number 
of system resources. 


Since every processor must use the common 
system bus to communicate with its 
peripherals, a priority structure that resolves 
simultaneous processor bus requests into a 
single bus grant must be integrated into the 
system. In addition to making request-grant 
transactions, transient bus contention due to 
grant switching must be removed by inserting 
precise guard band times between bus 
grants. 


Philips Semiconductors Programmable Logic 
Sequencer provides a convenient and cost 
effective means for implementing a 
synchronous arbiter to perform these tasks 
within a single chip. 


ARBITER STRUCTURE 

Within a multiprocessor system, two general 
classes of processors can be recognized: 
Priority A and Priority b. Priority A processors 
have the highest request priority and must 
only compete with other Priority A processors 
for bus control. The arbiter must issue “A” 
grants in a manner that prevents any high 
priority “A” processor from locking out 
another Priority A processor. To enable this, 
the Priority A rules implemented here use a 
Last Granted Lowest Priority (LGLP) ring 
structure. After an “A" processor has 
completed a bus-related task, its next 
arbitrated request priority will be lowest in the 
“A” request group. The previously second 
highest priority “A” processor will then 
become highest priority requester. The net 
effect of the “round robin” exchange is that 
every Priority A processor will have a turn at 
being highest priority processor. Priority A 
processors are typically ones that perform 
real-time operations or vital system tasks. 


SYSTEM ARBITER 


a nN ns 0.0: A 


a ee ee 
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Priority b processors are lower in priority than 
the “A’s” and may only be granted system 
control when no “A” requests are pending. “b” 
processors usually perform background 
tasks. Within the Priority b group, further 
priority ordering exists such that each “b” 
processor has a fixed priority position. 


Plumber’, Pearce®, and Hojberg? present 
asynchronous techniques of arbiter 
implementation. These methods all have 
hard-wired priority rules and imprecise guard 
band times during grant switching. As pointed 
out by Hojberg, a synchronous state machine 
can be configured as a Mealy-type controller 
to provide not only precise guard band times 
and programmable priority rules, but also 
programmable input/output polarity. The state 
machine in Figure 2 is made from a control 
PROM array and an edge-triggered latch. 
The “A” and “b" requests and the machine's 
present state are used by the control PROM 
to determine the next “A” and “b” grants and 
the next state. 
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SYSTEM OPERATION 

Two machine states can be identified by 
inspection: a wait state and a grant state. The 
state machine enters a grant state as a 
response to a system request on either Ry or 
rn. The machine will remain in this state with 
a single grant line asserted as long as the 
request remains asserted. Upon releasing the 
request line, the machine will pass through a 
single wait state before considering other 
pending requests. This provides a single 
state guard band time. The requests received 
must meet the set-up requirement of the 
edge-triggered latch after propagating 
through the control PROM. If these time 
considerations do not fit within a given 
multiprocessor structure, an input latch may 
be added such that the Ry and ry lines are 
clocked through the latch by the system 
clock, thereby removing asynchronous set-up 
time considerations. On the basis of a state 
machine approach, two techniques of 
implementation are feasible: 1) using an 
architecturally advanced single IC controller, 
the PLS, and, 2) a traditional PROM/LATCH 
configuration. 
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CONTROL 
PROM 


a. A and b service requests (Ry, ry) plus the present state determine, through the 
control PROM, the next state and the next grant outputs (Gy, gy). 


b. Requests Ro, Rj, ro, and r; are asserted low in the same clock sample period. The 
priority rules that determine the order in which the grants are issued and the shaded 
guard-band areas are programmed into the control PROM. Note that the A and b 
request lines and the present state input to the PROM must have a set-up time equal 
or greater than the latch set-up time plus the PROM access time. 


Figure 2. Arbiter Constructed from a Mealy-Type State Machine 
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PLS ARBITER IMPLEMENTATION 
A five Priority “A” and three Priority “b” arbiter 
will be constructed such that all grant outputs 
will be asserted low for grants and all request 
inputs will be asserted low for system 
requests. 


Brief PLS Description 

The PLS block diagram shown in Figure 3(a) 
consists of a control PLA and 14 clocked S/R 
flip-flops. The control PLA is actually an 
AND-OR logic array that functions as a 
Content Addressable PROM. The PLA is 
organized as 48 words of 28 bits with 16 
external input lines, and six internal inputs fed 
back from the State Register. The 28 PLA 
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more | 
OUTPUT TERM 


NOTE: 
(T) denotes positive clock transition. 
S = R = 1 is an illegal input condition. 


c. Transition Table of Clocked S/R Flip-Flop 


Figure 3. 


outputs drive the S/R inputs of the six-bit 
State Register and eight-bit Output Register. 
Note that the state feedback path is made 
inside the PLS. 


ln and present state inputs, Ps, represent 22 
possible input codes; 48 of these codes may 
be mapped in the PLA to provide a 14 bit 
register control word. As shown in Figure 3(b) 
each input code may be specified by 
assigning to the variables either Low “L”, High 
“H”, or Don't Care “—” logic states. If any input 
code falls logically outside the programmed 
codes, the PLA asserts a Low on all its 28 
internal outputs, thereby issuing a “no 
change” command to the R/S flip-flops. 
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OUTPUT FUNCTION (Fn) 


This is an important architectural feature 
because it requires that only state or output 
transition terms be programmed. Looping 
terms that change neither state nor output 
need not be programmed in the PLS, owing 
to the functional characteristics of S/R 
flip-flops tabulated in Figure 3(c). An example 
of this is shown in Figure 4. 


The S/R inputs of both state and output 
registers are specified by using PLA outputs 
(“AND” functions of request inputs and 
present state) in the program table of 
Figure 3(c). 
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The corresponding next state of each bit will 
be set to 0 for “L”, 1 for “H”, and No Change 
for “—". The PLS’s PR/OE line may be 
assigned either Asynchronous Preset or 
Output Enable functions, via a user 
programmable option. 


The entire function is integrated into a single 
28-pin package designated as PLUS105. 


State Algorithm 

Figure 5(a) displays the circular state form 
and all possible state transitions of the LGLP 
priority structure. Hex states 3F, 3E, 3D, 3C, 
and 3B are arbiter wait states Wo_y. In these 
states, processor “A” and “b” requests are 
monitored. Figure 5(b) illustrates a typical 
grant to processor A; in hex state 07. As long 
as A; asserts its request line low, the next 
state will be 07;¢ and the next output will 
remain with G, asserted low and all the other 
grant outputs asserted high. Since no change 
in state or grant output results from this 
transition, no PLA resources are required. 


As soon as processor A; returns its request 
line, Ry, to 1, a state transition is made to 3D, 
and an output transition is made to set all 
grant outputs to 1. Since processor A; was 
the last to be granted system resources, it will 
now have the lowest A level request priority 
(LGLP). In wait state Wo, the highest priority 
processor will be Az, second As, third Ay, and 
fourth Ao. To maintain the LGLP rule, grant 
transitions must follow the state rule 

Gn > Wns1), and wait states, Wy, must set 
their “A” priorities so that processor Ay is 
highest priority. Priority decreases as one 
proceeds clockwise around the state ring to 
the lowest priority processor, Aym-1). 


When no “A” requests are pending, “b” 
requests may be granted. To avoid upsetting 
the LGLP priority rule, a “b” grant must leave 
and return to the same wait state. Since the 
“b” priority structure is the same regardless of 
the wait state, only a single set of “b” 
transition terms are required. 
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The PLS requires that only two out of the three transition terms be programmed. 


Figure 4. PLS State and Output Transitions 


For example, a grant transition to go (Hex 
20-25) can be issued only if there are no “A”, 
“Do”, or “by” requests pending. Given the 
binary wait state code 111XXX, where “X's” 
represent Don't Cares, a request code of 
01111111 will transfer the arbiter to the grant 
State go from any of the wait states, Wo_4. 


It is important to realize that in making this 
transition, the lower 3-State bits will not be 
changed—they provide the wait state return 
address. When ro returns high, 1XXXXXXX, a 
transition back to the previously exited wait 
state is made by forcing a “1” in the three 
most significant state bits and leaving the 
lower 3-State bits unchanged. 


All output and state bits are initially preset to 
“1” through the use of the optional preset 
function. Grant output lines are only forced 
low when transitions are made to grant states 
and are returned to “1” when jumping back to 
a wait state. 


The complete arbiter circuit diagram is shown 
in Figure 6a. The SNAP equations are shown 
in Figure 7. 
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PROM/LATCH IMPLEMENTATION 
The same five “A” processor and three “b” 
processor arbiter can be implemented with 
discrete PROM'’s and Latches using the 
same state diagrams for the PLS, except that 
now looping transition terms must be 
programmed. Coding of all state and output 
transitions requires programming of two 
memory fields: the “A” request PROM'’s 
(2KX6) and the “b” request PROM (64 x 3). 
The complete circuit diagram is shown in 
Figure 6(b). 


The “A” request PROM's determine the next 
machine state (No_s) at all times, except 
when there are no “A” requests pending and 
there is a “b” request, or if the machine is 
presently in a “b” grant state. In these cases, 
the “b” request PROM controls the machine's 
next state. 


The grant control lines are decoded from the 
next state lines and latched in two quad 
output latches. This PROM/LATCH 
organization is shown in Figure 6a. 


Philips Semiconductors Programmable Logic Devices Application Note 


Single chip multiprocessor arbiter ANO7 


Table 1. Design Alternatives for the Priority Arbiter 


PARAMETER 


Parts count 


PCB space 


Power 
Voltage 


SUMMARY 

As can be seen from the circuit diagrams, the 
PLS can offer significant advantages over 
discrete MSI arrays in the design of state 
machines. The tradeoff in both design 
alternatives for the Priority Arbiter is shown in 
Table 1. Clearly, the PLS approach uses 
fewer parts, with savings in PC board space 
and power requirements. 
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Figure 6. Arbiter Circuit Diagram Summary 
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| | 

@PINLIST Lo ae 
ma i; 2|17 I8|27] 
3|I6 I9|26] 

seo 4|15 I10|25] 
5|14 T11|24] 

6|13 Ti2}23) 
7|12 I13|22] 
8|I1 I14|21] 
9|I0 I15|20) 
[10|F7 PR/OE_|19] 

qeapreeaan a2ies #11171 
12|F5 F1|17) 

@LOGIC EQUATIONS aca F2/16] 


OBO.CLK = CLOCK; [14|GND F3]15] 
OB1.CLK = CLOCK; | | 
OB2.CLK = CLOCK; | | 
OAO.CLK = CLOCK; 

OA1.CLK = CLOCK; 

OA2.CLK = CLOCK; 

OA3.CLK = CLOCK; 

OA4.CLK = CLOCK; 

FFO.CLK = CLOCK; 

FF1.CLK = CLOCK; 

FF2.CLK = CLOCK; 

FF3.CLK = CLOCK; 

FF4.CLK = CLOCK; 

FF5.CLK = CLOCK; 


“Flip-Flops are SET when PRESET is HIGH” 


OBO.SET = /PRESET; 
OB1.SET /PRESET; 
OB2.SET = /PRESET; 
OAO .SET /PRESET; 
OA1 .SET / PRESET; 
OA2 .SET /PRESET; 
OA3 .SET /PRESET; 
OA4.SET / PRESET; 
FFO.SET /PRESET; 
FF1.SET /PRESET; 
FF2.SET /PRESET; 
FF3 .SET /PRESET; 
FF4.SET = /PRESET; 
FF5.SET = /PRESET; 


@INPUT VECTORS 


nr Fs FS Fs = Fs FS ee 


“= 


a. SNAP Equations 


Figure 7. 
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” PIN LABELS & BOOLEAN EXPRESSIONS USED IN TRANSITIONS ” 
@OUTPUT VECTORS 

[OB2, OB1, OBO, OA4, OA3, OA2, OA1, OAO)srffs 

QAO ; 


@STATE VECTORS 


{ FFS, FF4, FF3, FF2, FF1, FFO ]srffs 
wo ; 


b. SNAP Equations (Continued) 
Figure 7 (Continued) 
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@TRANSITIONS 
WHILE [WO] 
CASE 


[/RAO] [GAO] WITH [QA0] 


[/RA1l * RAO] [GAl] WITH [QA1] 
[/RA2 * RAl * RAO] [GA2] WITH [QA2] 
[/RA3 * RA2 * RAl * RAO] [GA3] WITH [QA3] 
[/RA4 * RA3 * RA2 * RAl * RAO] [GA4] WITH [QA4] 
ENDCASE 
WHILE [W1] 
CASE 
[/RA1] [GA1] WITH [QA1] 
[/RA2 * RAl] :: [GA2] WITH [QA2] 
[/RA3 * RA2 * RAI] (GA3] WITH [QA3] 
[/RA4 * RA3 * RA2 * RA1] [GA4] WITH [QA4] 
[/RAO * RA4 * RA3 * RA2 * RAI] [GAO] WITH [QAO] 
ENDCASE 
WHILE [W2] 
CASE 
[/RA2] [GA2] WITH [QA2] 
[/RA3 * RA2] [GA3] WITH [QA3] 
[/RA4 * RA3 * RA2] [GA4] WITH [QA4] 
[/RAO * RA4 * RA3 * RA2] [GAO] WITH [QA0] 
[/RAl * RAO * RA4 * RA3 * RA2] [GAl1] WITH [QA1] 
ENDCASE 
WHILE [W3] 
CASE 
[/RA3] [GA3] WITH [QA3] 
[/RA4 * RA3] [GA4] WITH [QA4] 
[/RAO * RA4 * RA3] [GAO] WITH [QA0] 
[/RAl * RAO * RA4 * RA3] [GAl] WITH [QA1] 
[/RA2 * RAl * RAO * RA4 * RA3] [GA2] WITH [QA2] 
ENDCASE 
WHILE [W4] 
CASE 
[/RA4] [GA4] WITH [QA4] 
[/RAO * RA4] [GAO] WITH [QA0] 
[/RAl * RAO * RA4] [GAl] WITH [QA1] 
[/RA2 * RAl * RAO * RA4] [GA2] WITH [QA2] 
[/RA3 * RA2 * RAl * RAl * RA4] :: [GA3] WITH [0QA3] 
ENDCASE 
WHILE [W04] 
CASE 
[/RBO * RA4 * RA3 * RA2 * RA1 * RAO] [GBO] WITH (QBO) 
[/RB1 * RBO * RA4 * RA3 * RA2 * RAl * RAO] [GB1] WITH [QB1] 
[/RA2 * RB1 * RBO * RA4 * * RA3 * RA2 * RAl1 * RAO] [GA2] WITH [QB2] 
ENDCASE 


WHILE [GAO] 

IF (RAO] THEN 
WHILE [GA1] 

IF (RA1] THEN 
WHILE [GA2] 

IF (RA2] THEN 
WHILE [GA3] 

IF (RA3] THEN 
WHILE [GA4] 

IF (RA4] THEN 
WHILE [GBO] 

IF (RBO] THEN 
WHILE [GB1] 

IF (RB1] THEN 
WHILE [GB2] 

IF (RB2] THEN 


[Wl] WITH [NOGRANT] 


[W2] WITH [NOGRANT] 


[W3] WITH [NOGRANT] 


[W4] WITH [NOGRANT] 


[WO] WITH [NOGRANT] 
[GB1] WITH [NOGRANT] 
[GB2] WITH [NOGRANT] 


[GBO] WITH [NOGRANT] 


b. SNAP Equations (Continued) 
Figure 7 (Continued) 
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Engineers are excited to discover the 
PLUS405-—55, a PLD state machine IC rated 
for a maximum operating frequency of 
55MHz. It has a flexible architecture offering 
65 product terms, and a programmable OR 
array driving 16 J-K flip-flops, 8 of which are 
buried (see Figure 1). This design allows the 
64 product terms to realize 64 state 
transitions in a general state machine 
implementations. (State machines based on 
a counter will be implemented much more 
efficiently.) In order to estimate if a particular 
state machine will fit in the PLUS405, one 
need only count the state transitions and 
assure that there are fewer than 65! There 
are the remaining issues of number of states, 
inputs and outputs. The PLUS405 has 8 
buried registers, allowing representation of 
256 unique states. A dual complement array 
is available for the “ELSE” condition of state 
equations, and along with dual clocking 
capabilities allows two independent state 
machines to be synthesized on one IC. 


Ease of design is further enhanced by SNAP, 
the PC-based PLD development tool. SNAP 
supports Boolean and State Equation entry of 
the design, simulation, and downloading of 
the programming information to a 
programmer. SNAP allows an abstract 
approach to design with PLDs, as the target 
device is not specified by the engineer until 
he is done fully integrating and simulating his 
efforts. After device selection, SNAP can 
back-annotate the design files with target 
silicon characteristics, allowing simulation of 
the actual device. 
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The engineer sets out to solve all his high 
speed state machine design problems armed 
with this new silicon and software, only to 
discover all this performance has its price. 
Studying the data sheet on the PLUS405-55 
shows the following performance: 


55.6MHz minimum 
10ns minimum 
Ons minimum 


fMaxt 
Input Setup time 
Input Hold time 


The cycle time at 55MHz is roughly 18.2 
nsec. The window during which data must be 
stable to guarantee no metastability is 10 
nsec long. The difference between the setup 
and hold time, and the cycle time, is the 
allowed time interval for changes to occur. 
this example leaves 8.2ns for any changes. 


From a system standpoint, this means the 
design engineer must be extremely careful in 
implementing his system, or he will violate 
the setup and hold specifications of the 
PLUS405-—55. This can lead to metastable 
conditions in the state machine with several 
negative effects: 
1. Jumps to undefined states. (May hang up 
system!) 


2. Lengthened clock to Q times (slows 
down!). 


3. Jumps to states out of proper sequence. 
All of the above problems will yield a system 
that is unreliable, unpredictable and 


expensive in terms of servicing elusive bugs 
in the field. 
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The preceding analysis said nothing 
regarding asynchronicity. It is feasible to 
design the above system in a fully 
synchronous manner and have acceptable 
results. What about the system where known 
asynchronous inputs will be used in the state 
machine? Examples of common 
asynchronous signals are refresh request in 
DRAM controller applications and interrupts 
in a real-time control system. One approach 
to managing asynchronous inputs is to 
precede the state machine with a D-type 
flip-flop. This can serve as a synchronizing 
stage .. . or can it??? A simple analysis will 
explore the feasibility of using a simple 
synchronizing flip-flop. 


A common Dual-D flip-flop frequently 
selected for this application in TTL 
high-performance systems is the FAST 
74F74. The asynchronous data is fed into the 
D input of the flip-flop, and the Q output is fed 
into the logic input of the PLUS405 state 
machine. A common clock is used for both 
parts (see Figure 2). Based on current 
published data sheets, the 74F74 has a 
clock-to-Q time of 9.2ns maximum. The worst 
case setup time on the PLUS405-55 is 10ns. 
The minimum cycle time of the combined 
system is (9.2 + 10) ns, yielding a maximum 
clock frequency of 52MHz. Let’s assume for 
this example a desired system clock is 
50MHz. 
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Figure 1. PLUS405-—55 Functional Diagram 
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PLUS405-55 
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Figure 2. 74F74 Driving PLUS405—55 
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The important issue to examine in the timing 
diagram is the time that elapses between the 
end of the 74F74 clock-to-Q interval and the 
beginning of the PLUS405’s setup time (see 
Figure 3). This is 2Ons minus 10ns minus 
9.2ns, which equals .8ns! At SOMHz, this 
combination is just able to work reliably on a 
worst case basis, assuming no instances of 
metastability. If metastable operation is 
encountered, the 800 picosecond window is 
the only time left in the clock cycle to resolve 
the situation. The next issue to examine is 
the mean time between failures (MTBF) for 
this system. From the work of Mr. Chaney, an 
equation which models metastable behavior 
is: 


EQUATION 1. MTBF = exp(tr/t) / (TO * f* a) 


{Explanation of above symbols} 


MTBF is mean time between failures, 


in seconds. 
wT is the elapsed time before sampling 
the process 


the time allotted for metastability to 
resolve. 


a 


is the “Metastability Time 
Constant”. 


fi" 


TO in seconds, the zero intercept of 
aperture time versus propagation 
delay. TO indicates the propensity 
of a device to enter the metastable 


state. 
f is the clock speed, in Hertz. 


a is the transition rate of data being 
sampled (i.e., edges per second) 
in Hertz. 


Assume for this discussion that the 
asynchronous input data is roughly 2MHz, 
meaning the edges that can cause 
metastability occur at a 4MHz rate. The 
system clock is assumed to be 50MHz, and 
the elapsed time before sampling is 10ns. 
(The sample time is calculated from the 
difference between the cycle time (1/50MHz 
= 20ns) and the setup time of the 
PLUS405-—55 (10ns). The other parameters 
can be determined from measurements of an 
'F74, or can be found in Mr. Chaney’s paper. 
t was found to be .4ns and TO .2 
milliseconds. Armed with a calculator and 
Equation #1, the MTBF for this particular 
scenario is calculated: 


MTBF = exp(10/.4) / (.2e-3* 50e6 * 4e6) = 
1.8 seconds 


me 4 we ‘o f 


re io UNCERTAIN " io y 


PLUS405-55 
INPUT 
REQUIREMENTS 


. 
rors 


fy 
og it oy 
! "yt Ay 


fy 
"i vw Pal 0 Ay 


y 
! 


9.2ns 
(Clock to Q) 


DATA MUST 
BE STABLE! 
(SETUP TIME) 


Clearly, this level of failure in any system is 
unacceptable. A better solution for this class 
of problem must be found! 


Philips Semiconductors has recently 
introduced a new family of parts designed 
with metastability performance in mind. The 
first four members of this family are the 
74F5074, 74F50109, 74F50728 and 
74F50729. These are excellent general 
purpose flip-flops, but special attention has 
been paid to short setup and hold times, and 
fast clock-to-Q times. The output stage has 
also been designed with a balanced drive 
characteristic, leading to tight matching 
between rise and fall propagation delays, and 
matching of skews between other outputs. 
this makes them useful in clock driver 
applications also. Let's repeat the former 
calculation using the measured t and TO 
values for the 74F5074 used as a 
synchronizer (see Figure 4) ahead of the 
PLUS405-55. 


t= .135ns 
TO = 9.8 E 6 seconds 


MTBF = exp(10/.135) / (9.8e6 * 50e6 * 4e6) = 
75.46 e9 seconds 


NOTE: For the reader's reference, a century 
is 3.154 e9 seconds. 
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Figure 3. Timing Diagram of 74F74 and PLUS405-55 
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Figure 4. 74F5074 Driving PLUS405-55 


656 


October 1993 


Philips Semiconductors Programmable Logic Devices 


Application Note 


Minimize metastability in 50MHz state machines 


A system that was unreliable is now found to 
be quite acceptable by using the 74F5074. 
The major drawback to the synchronizing 
flip-flop solution is the added delay on the 
asynchronous signal before it enters the state 
machine. In the case of the 74F5074, this will 
amount to one clock cycle delay. For designs 
that demand the maximum in freedom from 
metastability, Philips Semiconductors has 
developed a product with cascaded D 
flip-flops for synchronizing applications. The 
74F50728 (see Figure 5) will therefore 
introduce a two clock cycle delay into the 
system. It is pin compatible with the 74F5074 
and 74F74 to allow retrofits on existing 
systems. 


Calculation for the MTBF of a system using 
the 74F50728 is similar to the technique used 
earlier. In this case though, at least one entire 
clock cycle is used to resolve any 
metastability. 
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Figure 5. Internal Diagram of 74F50728 (1/2) 


EQUATION 2. MTBF = exp(tr/t) / (TO * f * a) 
{Explanation of above symbols} 


All symbols are the same as EQUATION 1 
with the exception of tr. 


wr is the elapsed time before sampling 
the process or the time allotted for 
metastability to resolve. In the case 
of 74F50728, one entire clock 
cycle. 


The flip-flops embedded in the 'F50728 are 
essentially the same as the flip-flops used for 
the 'F5074, therefore the same “Metastability 
Time Constant” t, and TO, can be used in the 
calculation. 


MTBF = exp(20/.135)/ (9.8e6 * 50e6 * 4e6) = 
1.12 e43 seconds! 


Now that the designer is comfortable with 
handling metastability, it is feasible to begin 
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approaching the design of the system by 
stating a goal for MTBF and adjusting the 
state machine's clock to meet the desired 
failure level. 


Let's assume out system is to have an MTBF 
of 5 years from metastability induced 
anomalies. The calculations would proceed 
as follows, assuming the same 2MHz data 
rate from our previous example: 


MTBF = 5 years * (31.54 e6 seconds/year) = 
157.7 e6 seconds 


Setting up the equation to find the roots 
yields: 


EQUATION 3. T(setup)/t — 1/(f * t) + 
1n(T0*a*MTBF’*f) = 0 


(T(setup) is the setup time on the PLUS405) 
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Equation 3 is not solved using algebra, but 
simple numerical methods will allow easy 
solution, especially since we have a good 
initial guess for the value of f. (50 to 55MHz!) 
An HP 32S calculator was used to find the 
root of this equation by the following program: 


COMMENTS 
PRGM start program entry 
GTO. go to top of memory 


BO1 LBL/RTN {LBL} B label program as B 


Bo2 INPUT A a, Data rate, Edges/Sec. 
BO3 INPUT F Clock frequency, Hertz 
BO4 INPUT J t, seconds 

BOs INPUT M MTBF, seconds 

BO6 INPUT T TO, seconds 

BO7 INPUT U T(setup), seconds 

BO8 RCL A begin calculation of 1n argument 
Bog RCL x ii 

B10 RCL x M 

B11 RCL x F 

B12 LN 

B13 RCL F 

B14 RCL x J 

B15 1/x 

B16 +/— change sign 

B17 + add 

B18 RCL U 

B19 RCL + J divide 

B20 7 

B21 LBL/RTN {RTN} end, return from routine 


To execute this program we must use the 
SOLVE capability on the calculator. 


SOLVE {FN} FN= Prompt for label of function 
B 

50E6 STO F load initial guess 50MHz 
SOLVE {SOLVE} SOLVE prompt for unknown variable 
F frequency in this case! 

A? 40E6 set edge rate 

R/S run 

J? 135 E -12 sett 

R/S 

M? 157.7E6 set MTBF 

R/S 

T? 98E6 set TO 

R/S 

U? 10.E-9 setup time 

R/S 
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At this point the calculator will set off to find 
the root based on the initial guess and the 
desired conditions entered. The system clock 
speed determined from this technique is 
52.16MHz. 


Designers who are forced to deal with an 
uncertain system for the first time are 
uncomfortable with the idea that is is possible 
for the system to fail. Lower speed systems 
have been traditionally designed using worst 
case data sheet numbers to guarantee that 


the system will always work. As system clock 
speeds cross over 50MHz, meeting the setup 
and hold times becomes very difficult for 
TTL-based designs. The allowed time to 
resolve metastability gets shorter and the 
data stream edges become much more 
frequent, increasing the incidence of 
metastability. Faster systems demand that a 
design methodology based on statistics be 
used and the burden is now on the Engineer 
to manage likelihood of failure to acceptable 


Dike, Charles, “AN219, A Metastability Primer”, Philips Semiconductors 


levels. Persons defining high performance 
systems will need to specify goals for MTBF 
due to metastability. Usage of parts that have 
been characterized for metastability behavior 
will become mandatory in future systems. 
New parts, such as the 74F5074 and 
74F50728 from Philips Semiconductors, 
which have published metastable traits and 
are pin compatible with other industry 
standard ICs, can make solving these 
problems as easy as plugging in a new part! 


Chaney, Thomas J., “Measured Flip-Flop Responses to Marginal Triggering” [IEEE Transactions on Computing, Vol. C-32, No. 12, December 1983, 


pp. 1207-1209] 


Wakerly, John, “Designers Guide to Synchronizers and Metastability, Part 1 and 2” September 1987, VLS/ Design 
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INTRODUCTION 

Some state machine applications require a 
state machine to wait for a number of clock 
pulses to occur before some decision point is 
reached. One common example of this is a 
state machine that needs to analyze only 
certain bits in a serial data stream. The state 
machine may have to wait for a number of 
serial data bits to transpire before pulsing a 
load signal or proceeding into states to 
actually check individual data bits for specific 
preamble or header information. 


SEQUENCER ARCHITECTURE 
State machine implementations using JK 
flip-flop based sequencer devices are 
generally very efficiently implemented 
because product terms (AND gates) are 
required only to force a transition from one 
state to the next. Product terms are not 
required to hold the sequencer in a state, as 
they are for D-type based devices. A JK 
based state machine can wait forever in one 
state for a specific parallel combination of 
input signals to happen, using only one 
product term to perform the comparison and 
force a jump to a new state. In addition, 
Philips sequencers have a PLA architecture 
meaning that both the AND array and the OR 
array have programmable connections. A 
single product term may be connected to the 
inputs of multiple state and/or output 
registers. This feature allows for efficient 
device resource utilization since any product 
term may be connected to any buried or 
output register. The product terms are not 
fixed in their usage to a specific register or 
output. 


DESIGN METHODS 

PLD software packages, such as Philips 
SNAP, provide for different methods of design 
entry. The easiest and usually best format for 
state machines is, of course, a state equation 
entry method. Figure 1 shows an example 
using state equations. For JK based 
sequencers, SNAP essentially translates 


each ‘IF’ statement into a product term in the 
device. An OR function in the input condition 
field of the ‘IF’ statement will cause an 
additional product term to be used. 


A series of unconditional transitions to a new 
state may be found in some state machine 
designs where it is required to wait a certain 
number of clock cycles before performing a 
function. The example in Figure 1 shows a 
simple state machine that runs continuously 
through sixteen states and outputs a pulse on 
output ‘OUT 1’ while in state 'F’. This state 
machine is not waiting for any inputs, other 
than the clock to occur. It is simply a counter. 


COUNTER IMPLEMENTATION 

For typical state machine implementations 
with conditional transitions between states, 
state equations produce efficient state 
machines. However for implementing 
counters, state equations may not produce 
the most efficient implementation. JK 
flip-flops have a feature whereby if both J and 
K are active, after a clock, the output will 
toggle or change state. This feature may be 
used to implement counters very efficiently. 
Combining the toggle feature of the flip-flops 
with a PLA devices ability to connect a single 
product term to multiple OR array inputs, 
produces an implementation where only one 
product term is needed for each bit in the 
counter. A four bit counter may be 
constructed using only four product terms! 


The function described in Figure 1 is 
duplicated in Figure 2, except the Figure 2 
design uses a counter described with 
Boolean equations. Only six product terms 
were used compared to the sixteen used for 
the design in Figure 1. Four product terms 
were used for the counter and two to control 
output pin OUT1. So, when a portion of a 
state machine design is required to 
unconditionally transition from one state to 
the next, consider implementing a counter 
using Boolean equations and merging it into 
the state machine. 

The example in Figure 2 only used Boolean 
equations, no state equations. So, another 
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example is shown in Figure 3. This example, 
using SNAP, illustrates the proper syntax for 
connecting the outputs of a counter to the 
inputs of a state machine. This example was 
complied for a PLUS405 device. The state 
machine will wait in each state until the 
counter reaches a specified value. It then 
transitions to the next state. 


Complicating the design a bit more, Figure 4 
shows another SNAP example. This is a 
listing of a design that, in addition to using the 
counter outputs as inputs to the state 
machines, connects two outputs of the state 
machine back to the counter. The outputs of 
the state machine (actually two of the state 
bits) can enable or disable counting, or reset 
the counter. In this example the state vectors 
were specially assigned such that state 
register S1 must be LOW for the counter to 
count. When state register S2 is HIGH, the 
counter will be reset. Instead of using state 
registers bits, additional outputs could have 
been defined and connected to the counter. 


Figure 5 shows a counter that counts from 0 
to 12 and then resets. This example may be 
easily modified to produce a counter that 
counts to any value. 


SUMMARY 

The toggle feature of JK flip-flops together 
with a product term sharing capability, found 
in most Philips sequencer devices, may be 
used to build counters using only one product 
term per counter bit. If a state machine 
design contains many unconditional 
transitions, it is possible to reduce the 
number of product terms required to 
implement the design by separating the 
design into a counter and state machine. 

The counter portion should be described 
using Boolean equations, when state 
equations are preferred for the state 
machines. The counter outputs may be used 
as inputs to the state machine and some 
state machines outputs or state bits may be 
used to enable or reset the counter. 
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@PINLIST 
clk i; 
init is 
outl o; 


@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 


s{s..0] .ret /init; “Use INIT function pin (19) to reset counter” 


outl.rst = /init; “and to reset output pin.” 


@INPUT VECTORS 
@OUTPUT VECTORS 
[outl] jkffr 

00 = Ob; 

ol = 1b; 


@STATE VECTORS 
[s3,s2,81,8s0]jkffr 
sto 0000b; 
stl 0001b; 
st2 0010b; 
st3 0011b; 
st4 0100b; 
st5 0101b; 
sté 0110b; 
st7 0111b; 
sts 1000b; 
st9 1001b; 
sta 1010b; 
stb 1011b; 
stc 1100b; 
std 1101b; 
ste 1110b; 
stf Liilib; 


@TRANSITIONS 


while [st0] 

if [] then [stl] 
while [stl] 

if [] then [st2] 
while [st2] 

if [] then [st3] 
while [st3] 

if [] then [st4] 
while [st4] 

if [] then [st5] 
while [st5] 

if [] then [st6] 
while [st6] 

if [] then [st7] 
while [st7] 

if [] then [st8] 
while [st8] 

if [] then [st9] 
while [st9] 

if [] then [sta] 
while [sta] 

if [] then [stb] 
while [stb] 

if [] then [stc] 
while [stc] 

if [] then [std] 
while [std] 

if [] then [ste] 
while [ste] 

if [] then [stf] with [01] 
while [stf] 

if [] then [st0O] with [00] 


Figure 1. SNAP State Equations 
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@PINLIST 

clk i; 

init i; 

outl o; 

@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 


“Simple four bit binary counter that” 

“uses toggle feature of JK flip-flops.” 
“Because of p-term sharing, only 4 p-terms” 
“are needed to implement this counter.” 


c0.3j 
c0O.k 
c1.4j 
clk 
e2.9 
c2.k 
o3.3 
c3.k 


@(3«. ; “Use INIT function pin (19) to reset counter” 
outl. ; “ and to reset output pin” 


“In this example the counter is free-running.” 
”“Outl will be high when the count is 1111B and” 
“will be forced low when the counter transistions” 
“from 1111 to 0000 binary or reset by pin 19.” 


outl.j = c3*c2*cl*/c0; 
outl.k = c3¥*c2*cl* cO; 


@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRANSITIONS 


Figure 2. Counter Boolean Equations 
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@PINLIST 
clk i; 
init i; 
outl o; 
out2 o; 


@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 


“Simple four bit binary counter” 


c0.4 
e0.& 
cl.4j 
cl. k 
c2.j 
c2 .k 
cj 
es 


el; 
cl; 
cl * c2; 
cl * c2; 


efs..01. /init; “Use INIT function pin (19) to reset counter” 
ry es ee /init; ” and state registers” 
out [2..1]).rst /init; ” and output pins” 


@INPUT VECTORS 
@OUTPUT VECTORS 
[outl, out2)] jkffr 
00 O-b; 

ol 1-b; 

o2 -Ob; 

0°03 -lb; 


@STATE VECTORS 
{sl1,s0]jkffr 
sto 00b; 

stl O1lb; 

st2 10b; 

st3 11b; 


@TRANSITIONS 


“In this example the counter outputs are used” 
ad as inputs to the state machine” 


while [st0] 
if [c3*c2*cl*/c0] then [stl] with [01] “move to state 1 when counter goes” 
“from E hex to F hex” 
while [stl] 
if [] then [st2] with [00] “upon next clock go to state 2 and” 
“reset output” 
while [st2] 
if [/c3*c2*cl1*/c0] then [st3] with [03] “wait here until count = 6 hex” 
“then go to state 3 and set out2” 
while [st3] 
if [] then [st0] with [02] “goto state O and reset out2” 


Figure 3. Counter Connected to State Machine 
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@PINLIST 

clk i; outl o; 
inl i; out2 o; 
init i; 


@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 


“Four bit binary counter” 
“controlled by state machine state register bits” 


cO. /s1*/s2; “Counter will be forced to 0000 upon” 
co. /sl; “clock and state bit s2 high.” 

cl.j = /sl cO * /s2; “Counter won’t count unless state” 
el. /sl1 e0; “register sl is low. (won’t count” 
c2.35 /sl c0 cl * /s2; “in state stl)” 

c2.k = /sl el: 

c3.3 /sl c2 * /s2; 

c3. Jel. c2; 


e[3..0] .rst ; “Use INIT function pin (19) to reset counter” 
s[2..0].rst ; “ and state registers” 
out[2..1].rst ; ” and output pins” 


@ INPUT VECTORS 
@OUTPUT VECTORS 
[outl, out2) jkffr 
fol) O-b; 

ol 1-b; 

o2 -Ob; 

03 -1b; 


@STATE VECTORS 

[s2,s1,s0]jkffr 

stO = 000b; “Note the special state assignments to” 
stl =LOb; “simplify one state bit connections to” 
st2 =O15; “the counter.” 

st3 = 111b; 


@TRANSITIONS 


“In this example the counter outputs are used” 

“as inputs to the state machine and some of the” 
“state register bits S2 and Sl control the operation” 
“of the counter.” 


while [st0] 
if [/c3*c2*/cl*c0] then [stl] with [ol] “move to state 1 when counter goes” 
“from 5 hex to 6 hex” 
while [stl] 
if [inl] then [st2] with [00] “when input ‘inl = high’ go to state 2 but” 
“hold counter at 6 while waiting for inl” 
while [st2] 
if [c3*/c2*/cl*/c0] then [st3] with [03] “wait here until count = 8 hex” 
“then go to state 3 and set out2” 
while [st3] 
if [] then [st0O] with [02] “goto state O and reset out2” 
“and counter” 


Figure 4. Counter Enable and Reset Functions Controlled 
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@PINLIST 

clk i; 

ignd i; 

init i; 

outl o; 

@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 


“Four bit binary counter” 
“modified to count from” 
“0 to 11 and then reset.” 


cO.j = nor; 

c0O.k nor; 

C157) nor * cQ; 

G1... nor * cQ; 

c2. nor * cO * cl; 

c2. (nor * cO * cl) + countl12; 

c3.4 nor * cO * cl * c2; 

c3.k = (nor * cO * cl * c2) + countl2; 


countl2 = c3*c2*/cl*/c0; 
nor = / (count12+ignd) ; 


“When count=11, then output NOR is LOW, disabling the product terms” 
“that cause the counter to count. Another product term (count12)” 
“connects to the registers of the counter that are HIGH K-inputs,” 
“forcing it to all zeros upon the next clock. These connections may” 
“be modified to alter the upper count limit.” 


c[3..0].rst = /init; “Use INIT function pin (19) to reset counter” 
outl.rst = /init; ” and to reset output pin” 


“In this example the counter is free-running.” 
“Outl will be high when the count is 1100B and” 
“will be forced low when the counter transistions” 
“from 1100 to 0000 binary or reset by pin 19.” 


outl.j = c3*/c2*cl*c0; 
outl.k = c3*c2*/cl*/c0; 


“For SNAP 1.90 to implement this design in a minimum number of product 
terms, two passes through the merger are necessary. First, generate a 
netlist normally - running NETCONV and MERGER. Then, highlight equations 
in the MERGER box to extract the equations from the netlist. Run the 
extracted equations through the minimizer (EQNGEN). Run through NETCONV 
(Minimized) and MERGER again to produce a minimized netlist. The design 
may then be compiled for the device.” 

@INPUT VECTORS 

@OUTPUT VECTORS 

@STATE VECTORS 

@TRANSITIONS 


Figure 5. Modulo-n Counter 
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INTRODUCTION 

Philips Semiconductors invented the 
programmable logic sequencer with the 
82S105 back in 1979. Since that time, 
additional parts were introduced, with a wide 
following of users who got programmable 
state machines into their designs. But, many 
potential users are still confused about what 
a sequencer is. Let us clarify that by simply 
stating that a sequencer is a programmable 
logic device capable of making user 
configurabie state machines in a single chip. 
The first sequencers were configured with a 
programmable logic array (PLA) connected to 
a group of flip-flops. For state machine 
designs, the choice of either S-R or J-K 
flip-flops was appropriate because of logic 
efficiency. D flip-flops may be used, just as 
well, but are less efficient. Also, the restriction 
of using a PLA may not be mandatory. Many 
have used fixed-OR structures driving D 
flip-flops, and found the resulting solutions 
satisfactory. Hence, the broad definition of a 
sequencer is simply a programmable logic 
device with flip-flops. The inclusion of 
additional features beyond these basics can 
make all the difference in the world, and will 
be shown to be quite useful. Among the 
critical additional features are: A complement 
array, buried versus exposed flip-flops, 
independent flip-flop clocking and 
independent asynchronous set and reset 


®PAL is a registered trademark of Advanced Micro Devices, Inc. 


GAL is a trademark of Lattice Corp. 
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capabilities. As well, something as simple as 
permitting some flip-flops to be clocked on 
rising clock edges and others on falling edges 
can have far-reaching performance 
implications. 


This booklet will look at three parts that are 
sequencers, but which also have the 
additional property of being made from 
CMOS, so they have some low power 
capabilities that similar bipolar devices do not 
have. These devices are the PLC18V8Z, the 
PLC415 and the PLC42VA12. Each of these 
devices will be presented with a detailed 
application described that is appropriate to 
that device. After an initial description of the 
parts is given, a brief discussion of 
power-saving techniques is given. Then the 
example applications are detailed with 
complete design files which can be run on 
Philips Semiconductors design software. 


The PLC18V8Z 

Figure 1 shows the PLC18V8Z logic diagram. 
As can be seen, there is a large 
programmable region that can interconnect 
input lines and feed back logic values to a 
region where they may be associated with 
the inputs to AND gates at small fixed-OR 
sites. This is termed Programmable Array 
Logic (PAL®). The outputs of the fixed-OR 
sites then drive into macrocells (the little 
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boxes in Figure 1). The macrocell is detailed 
in Figure 2, where it is seen that the 
macrocell consists of one D flip-flop, three 
multiplexors, an exclusive-OR gate (for 
polarity control), configuration programmable 
sites and feedback paths. The output points 
of the macrocells have access to the chip's 
output pins. By configuring the macrocell 
multiplexors, it is possible for a signal coming 
into the macrocell to be routed (by MUX) to 
the output pins (from the combinational logic 
area) to take the flip-flop output to the pins, to 
feed back the flip-flop to the main logic array, 
or accept the “F” pin as in input. Because a 
large number of applications are “byte” 
oriented, eight macrocells fits in a data 
oriented system. The number of applications 
that require no more than 8 product terms per 
OR gate cluster, is also very large, and 
includes counters, shifters, pattern 
recognizers and handshakers. It should also 
be noted that a special output is dedicated on 
the macrocell to permit 3-State control of the 
output pins, from the programmable array. 


Designers familiar with generic array logic 
(GAL™) will appreciate that the PLC 18V8Z is 
intentionally pinned to be directly compatible 
with the 20-pin 16V8 device. This means that 
the PLC18V8Z can replace the long list of 
fixed-OR devices that includes the popular 
16L8, 16R8, 16R6, 16R4, etc. 
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NOTE: 


ss Denotes a programmable cell location. 


Figure 2. PLC18V8Z Macrocell 
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The PLC415 

The PLC415 is shown in Figure 3, ina 
shorthand form. The actual part incorporates 
groups of J-K flip-flops with a programmable 
logic array. The flip-flops are logically 
grouped by virtue of association to specific 
output pins and association with particular 
clock inputs. The PLC415 illustrates both 
exposed flip-flops (Q outputs directly tied to 
the output pins) and buried flip-flops (Q 
outputs fed directly back to the 
programmable interconnect region). 
Sometimes, the outputs of the buried 
flip-flops are referred to as the state variable 
register because they capture next-state 
information to generate the transition signals 
for driving other flip-flop inputs. It should be 
noted that the PLC415 associates one group 
of four buried flip-flops, to a specific group of 
4 exposed flip-flops by virtue of common 
clock inputs. Hence, this group can be 
thought of as a single, synchronous 
programmable state machine. The 64 product 
terms are available to be freely 
interconnected to any of the flip-flop OR gate 
inputs. There are no connection restrictions, 
and complete freedom of sharing. The 
second state machine can also use any of 
the AND gates as needed. 


One of the powerful features of the PLC415, 
which is not available on registered fixed-OR 
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devices, is multiple clock source availability. 
This, coupled with independent 3-State 
controls, permits some unique inherent output 
multiplexing capabilities. 


Another feature that has been seldom 
understood, is the “complement term.” 
Basically, the complement term is a NOR 
gate located in the PLC415 PLA, to permit 
efficient next-state transitioning. If flip-flop 
transitions are accomplished with Boolean 
products (asserted to logical “1” at their 
outputs), the state machine will transition 
accordingly. Usually, this is thought of by 
saying “If the machine is in state X, and an 
input of Z occurs, then assume the next state 
of W.” What happens if input value Z doesn’t 
occur? Usually, the machine will then stay in 
state X. But what if it is desired to move to 
another state if there are no asserted input 
conditions present? The logic designer is 
confronted with generating a function that 
provides the correct, positive asserted 
transition terms. This consumes lots of 
product terms, and the designer quickly 
depletes AND gates. However, by logically 
combining a product term that decodes the 
present state, with the missing input 
combination, a logical product will be 
generated permitting a next-state transition to 
occur when the input condition is absent. This 
product can be sent to the NOR term 
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(i.e., complement term), which generates a 
logical “1” when all of its inputs are at a 
logical “O”. This NOR output can force a 
transition from state X to state Y. This is 
commonly referred to as generating a logical 
“else” condition. Hence, using the 
complement term, a state transition may be 
described as “if state X and input Z, then 
state W, else state Y.” A particularly slick 
feature of this attribute is that by combining 
the current state with the queried input into a 
product term, other product terms can be 
included in the complement NOR gate, which 
decode different states and input conditions. 
The state transition payoff is that only one 
complement term is really ever needed per 
state machine, to get the “else transitions” 
from all possible states. Because the PLC415 
can build two independent machines, it 
includes two complement terms. The Philips 
Semiconductors design software SNAP 
automatically use the complement term to 
perform “else state transitions.” Because the 
complement term requires a signal to pass 
through the programming array twice before 
hitting a flip-flop input, there is a small speed 
penalty to use it. However, there is a major 
payoff in terms of AND gate usage. This 
feature has literally become a signature item 
in most Philips Semiconductors sequencers. 
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Figure 3. PLC415 
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The PLC42VA12 

The PLC42VA12 was recently (December 
1989) heralded as one of the top 
programmable logic devices of the year by 
Electronic Design magazine. Its architecture 
solves more standard design problems for a 
24-pin device than any other comparable 
device. The PLC42VA12 is so flexible that 
designers are permitted nearly unrestricted 
design freedom. Incorporating 10 J-K 
flip-flops with a large PLA, the designer is 
able to clock each flip-flop from a distinct 
source. Each flip-flop has asynchronous set 
and clear, and flip-flop outputs either pass to 
an output pin, back into the programming 
array, neither, or both. Using an output pin 
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does not force the associated flip-flop 
function to be lost, and outputs are 3-State 
controlled in small groups, from either 
dedicated pins, or from the PLA. The 
PLC42VA12 also has two combinational 
outputs. As can be seen in Figure 4, the 
combinational output points are driven from 
polarity controlling Exclusive-OR gates. It 
should be noted that the PLC42VA12 has 
been designed for compatibility with the 
popular 22V10 device. Designers that have 
enjoyed the 22V10, but needed greater 
flexibility, will appreciate additional freedom in 
designing with the PLC42VA12. 


Functional independence is a key feature of 
the PLC42VA12. By having separate clocks 
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for each flip-flop, the designer may treat each 
flip-flop as a separate element. Most PLDs 
assign a single clock to large groups of 
flip-flops, which forces the designer to restrict 
the applications to standard synchronous 
state machines. The PLC42VA12 permits a 
designer to build up to 10 (granted, simple) 
state machines in a single chip. But basically, 
design freedom is maximized in a 
PLC42VA 12. Additionally, the asynchronous 
reset and set inputs are carefully partitioned 
among the flip-flops to minimize restrictive 
design practices. As usual, the complement 
term is available for efficient utilization of the 
“IF-THEN-ELSE” syntax. 
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CMOS POWER IN PLDs 

When one first thinks of CMOS, zero power is 
one concept that comes to mind. ACMOS 
device should consume not power in a DC 
state, and when switching the power should 
be proportional to the frequency. This idea 
seems to make the thought of a zero power 
CMOS PLD a natural one. Yet, when one 
examines the CMOS PLD marketplace, only 
a fraction of the devices claim the mantle of 
zero power. An understanding of the basic 
concepts can be vital. 


With the exception of two architectures, all 
CMOS PLDs are constructed using an 
electrically erasable (EEPROM) or ultraviolet 
erasable (EPROM) cell similar to that shown 
in Figure 1. It should be pointed out that a 
true CMOS E? or EPROM memory cell does 
not exist. The core of almost all CMOS PLDs 
is an array of NMOS transistors. By wrapping 
the NMOS core with CMOS I/O cells, the 
illusion of a CMOS PLD is created (Figure 2). 
The only fallacy behind this is that NUOS 
devices consume power in a DC state. The 
array of NMOS devices are continually fed 
power to maintain optimum speed. This 
means that even in a DC state, where the 
device is not switching, the power level is in 
the 10’s of mA. The main advantage here is 
that since only the array consumes power, 
the loc of the device will be much less than 
similar bipolar PLDs. If we could “eliminate” 
the power to the array, the power drops to 
levels expected from CMOS devices. 


There are two classical electronic techniques 
used to eliminate the Icc to the die core, and 
Philips Semiconductors uses both of them 
depending on the part. Both techniques have 
inherent disadvantages, but lower Icc 
dramatically. The first method is through the 
use of a special pin. When correctly asserted, 
a series blocking transistor(s) that supplies 
power to the core is turned off. This requires 
an external signal to control when Icc is to be 
blocked and the core becomes “asleep” or 
inoperable. 


To wake up the part, the power down 
condition must be released. Placing the part 
into and out of power down mode takes time 
and this impedes performance. Figure 3 
illustrates the power saving approach of a 
dedicated control pin with the specific 
transaction for the PLC415. Note that PD 
(Power Down) must be asserted (i.e., logic 
“1”) and released (logic “O”) with a specific 
timing relationship to the clock. If the timing is 
maintained, the device will power down and 
power back up in the same state. Should the 
timing be altered, the internal state may be 
lost. 


From a simple viewpoint, the other method, 
which is used in Philips Semiconductors 
18V8Z, is more convenient. This technique, 
called “Input Transition Detection” (ITD), has 
been adapted from MOS memory design. A 
diagram of the key circuitry is shown in 
Figure 4. If any input makes either a 
high-to-low or low-to-high transition, the ITD 
senses it and sends a pulse to the array 
supply module. The supply in turn provides 
power to the array for a period of time long 
enough that the contents of the array can be 
latched. This data is now available as inputs 
into the I/O buffers for further processing. 
Once the data has been latched, there is no 
need for the array to consume power. The 
width of the power pulse is designed so it 
only need fulfill this function. This period of 
time, approximately 20ns for the 18V8Z, is 
much shorter than the cycle time of the 
device (35ns for the 18V8Z). This means that 
the array only consumes power for 57% of 
each cycle. Obviously when longer cycles are 
used, the percentage is reduced. The rest of 
the circuitry obeys CMOS rules. The IDT 
feature gives a device more typical of a 
traditional CMOS technology. When all inputs 
are at static CMOS levels, power to the array 
is turned off so the device consumes a 
current of less than 100A. Unlike some zero 
power PLDs, there is no surge in current 


once the device becomes active. When 
switching, the current of the 18V8Z rises ata 
linear rate which is typically 1mA per MHz. 


The key to the technique is the Input 
Transition Detection circuit. Shown in 
Figure 5 is a simplified ITD implementation. 
When any of the inputs makes a transition, 
the output of the Ex-OR gate, as well as the 
OR gate, goes high for a period determined 
by the delay circuit. This “power signal” is 
what feeds the array supply circuit which 
eventually powers the array. The width of the 
delay varies across temperature to 
compensate for faster speeds at cold 
temperatures and slower speeds at hot 
temperatures. 


Waveforms for the ITD circuit are shown in 
Figure 6. When input A makes a low-to-high 
transition, the power signal goes high for a 
period of tap after a delay of tpp. From these 
waveforms, it is easy to see one of the 
disadvantages of this method. When several 
inputs are applied to the device in a system 
environment, there will be a finite amount of 
skew between the inputs. Since all inputs are 
tied to the ITD circuitry, pulses will be 
generated for each input. An example of this 
is shown in Figure 7. The power signal is 
initially triggered by input A. Input B, which is 
skewed from input A by the time tsxew 
generates its own power pulse, which is 
ORed to the pulse generated by input A. This 
makes the power pulse last longer in a 
system environment, which means the device 
will consume more power than originally 
anticipated. 


A disadvantage of the ITD circuit is a speed 
penalty. Two factors in the design reduce the 
speed. Since the array is not continuously 
powered, some delay is incurred by the ITD 
circuit to provide array power. The other 
speed penalty is paid in the data latches. 
These latches are necessary to store the 
array contents. 
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Figure 1. CMOS Programming — The EPLD 
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Figure 2. CMOS PLD Layout 
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Figure 5. ITD Circuit 
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Figure 6. ITD Waveforms 
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Figure 7. ITD with Skewed Inputs 
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PLC18V8Z APPLICATIONS 

The 80C51 microcontroller and its CMOS 
derivatives have two power reducing modes, 
Idle and Power Down. The Power Down 
mode reduces the device’s current to less 
than 50y/A by only keeping the on-chip RAM 
and SFRs data intact. In order to resume 
operation while in the Power Down mode, it is 
necessary to apply a reset to the 
microcontroller. 


The PLC18V8Z is in a low power mode 
whenever its inputs are not switching, 
drawing less than 100pA. An input transition 
causes the PLC18V8Z to power up its 
internal array for a short time, latch a valid 
output and then return to low power mode. 
Because of this transparent power reduction 
feature and its programmability, the 
PLC18V8Z is an excellent device to use in 
low power applications with an 80C51 
microcontroller. 


Two examples of using the PLC18V8Z with a 
SC87C751 microcontroller are presented. 
Both applications use the PLC18V8Z to 
detect events while the SC87C751 is ina 
Power Down mode and then reset (wake up) 
the microcontroller. The first example, shown 
in Figure 1, uses the PLC18V8Z as an 8-bit 


priority encoder. SNAP pin layout and listing 
of the circuitry fused inside the PLC18V8Z is 
shown in Figure 2. 


Whenever one of the inputs I7 — lp goes LOW, 
a binary representation of its position is 
output on pins A3 — Apo. If more than one input 
is Active-LOW, then the input with the highest 
priority is represented on the output, where |7 
has the highest priority. Another output, EO, 
is not connected to the microcontroller but is 
used to control the RST output of the 
PLC18V8Z. EO is Active-LOW anytime all 
inputs are high. Actually, the PLC18V8Z 
could easily be reprogrammed to output the 
inverse of this signal which could be tied to 
the interrupt line of the microcontroller to 
generate an interrupt anytime one or more 
inputs were low. 


Pin 16 of the PLC18V8Z, labeled RST, is the 
output of a 3-State buffer whose input is 
always high. The buffer’s control line is tied 
internally to a product term which is enabled 
by EO and an input from the microcontroller 
labeled RSTEN. The RST buffer may be in 
only two states, either driving a high 
(resetting the SC87C751) or 3-State (allowing 
C3 to discharge), enabling normal operation 
of the microcontroller. Before entering the 
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Power Down mode, the microcontroller 
should force RSTEN low. Then, any low on I7 
—|9 will cause EO and also RST high, 
resetting the microcontroller. When the 
microcontroller is reset, it will force its ports to 
input mode and since P; and P3 have internal 
pull-up resistors, RSTEN will go high forcing 
RST into the 3-State mode allowing C3 to 
discharge. 


The second example, shown in Figure 3, with 
SNAP pin layout and listing in Figure 4, uses 
the PLC 18V8Z to monitor three 
microcontroller input lines (Inc — Ina) and 
reset the microcontroller upon any change. 
Three internal registers inside the PLC18V8Z 
are used to hold the states or levels of the 
input lines prior to entering Power Down 
mode. Before entering Power Down mode, 
the microcontroller should clock into the 
PLC18V8Z the states of Inc — Ina with the 
LOAD signal. Comparator logic fused into the 
PLC18V8Z compares the output of the 
registers to the three input lines. The RST 
output of the PLC 18V8Z operates in a similar 
manner to the first example to reset the 
microcontroller whenever RSTEN is low and 
the output of the comparator is false. 
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* PLC18V8Z 20-Pin DIP Package Pin Layout " 


* Date: 10/03/93 Time: 15:27:18 * 
HK KKK IKKE KEKE ERE KKK KEKE KEENE AAAI KKK 


| | 

| | 
[ 1]I0/CLK VCC} 20] 
{ 2)z1 F7/19] 
[ 3|12 F6/18] 
[ 4|13 F5[17] 
[ 5|14 F4/16] 
[ 6|I5 F3|15] 
[ 7|16 F2|14] 
[ 8|17 F1/13] 
[ 9|18 F0|12] 
[10|GND I9/OE_|11] 

| | 

| | 


@PINLIST 

TO isl isi? i;zZ3s Aa; 
I4 1:25 1:16 isi? i: 
RSTEN i; 

AO 0;Al o;A2 o; 

EO o;RST o; 


@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 


AO /I1*I2*I3*I4*I5*I6*I7 
+ /I3*I4*I5*I6*1I7 
+ /I5*I6*1I7 
+ fit; 
/I2*IZ*I4*I5*IG*IT 
/I3B*I4*I5*I6*1I7 
/I6*1I7 
{ET ; 
/T4*I5*I6*1I7 
+ /IS5S*I6*1I7 
+ /I6*17 
+ IT 3 
EO = /(IO*I1*I2*I3*I4*I5*I6*I7) ; 
RST = 1; 
RST.OE = /RSTEN*EO; 


@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRANSITIONS 


Figure 2. 
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* PLC18V8Z 20-Pin DIP Package Pin Layout * 
* Date: 10/03/93 Time: 15:27:00 * 
KK KKK KKK KIKI KIKI KIKI KH IH HK HK KK KKK KKK KK KKK KK KK KI K 


| | 

| | 
[ 1] 10/CLK VCC | 20] 
[ 2]I1 F7|19] 
[ 3]12 F6/18] 
[ 4]13 F5|17] 
[ 5|14 F4/16] 
[ 6|I5 F3]15] 
[ 7116 F2/14] 
[ 8]17 F1|13] 
[ 9|18 F0/12] 
[10|GND I9/0E_|11] 

| | 

| | 


@PINLIST 


LOAD i;INA i; INB 
INC i;RSTEN i;OEN 


OUTA o0o;O0UTB' 0o0;O0UTC 
COMP o;NDA o;NDB 
NDC o:RST 2 Me 


@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 


da.d = ina; “flip-flop equation” 
da.clk = load; 

nda = /da; “invert buffer to pin 
tion” 

nda.oe /oen; 


db.d = inb; 
db.clk = load; 
ndb = /db; 

ndb.oe = /oen; 


= inc; 

= load; 
= /dc; 

= /oen; 


da*ina + /da*/ina; “comparator” 
db*inb + /db*/inb; 
dc*inc + /dc*/inc; 
outa * outb * outc; 


1? “3-state reset 
control” 
rst.ce = /rsten * /comp; “enable when rsten 
is low and no compare” 


@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRANSITIONS 


Figure 4. 
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Motor controller ANO303 


PLC415 APPLICATIONS is fused as a power-down input and may be counter-clockwise rotation is achieved by 
This example places 2 independent stepper used to reduce current consumption while the applying outputs corresponding to 8 through 
motor controllers in one PLC415. Each motors are stationary. 1. Each state or step in this table is actually 
individually clocked controller includes a Suppose a stepper motor needs the one half step to the motor. A full step skips 
direction input as well as full and half step sequence of data shown in Table 1 Clockwise °"° S!@te- 

control. Individual set inputs force the internal rotation is performed by applying outputs SNAP listings for this example are shown in 
State and output registers to state #1.Pin19 — associated with steps 1 through 8, while Figures 3 and 4. 


Table 1. Half Step Sequence 


1/2 
PLC415 


Figure 1. Stepper Control Circuit 
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NOTES: 

D,, Do are IN4001 
Q, is a 2N2222 
Qo is a 2N3055 


Ds is a BY127 Figure 2. Stepper Control Power Buffer 
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* PLC415 28-Pin PLCC Package Pin Layout * 
* Date: 10/03/93 Time: 15:28:48 * 
KKEKKEKEKEKKKKKEKEKKEKEKEKKKKEKEKEKKKKEKKKKKKKKKKKKKEKKKEKEKEKKKKKKKKKKKK 


| | 
DIR2 [ 5|1I4 I10|25] 


FHSTP1 [ 6|I3 T11/|24) 
FHSTP2 [ 7|1I2 Ti2|23] 
[ 8) it £13 |22] 
[ 9|1I0O I14|21) 
[10|F7 I15|20] 
[11|F6 IN/O/P/1I|19] 

| 


| 
| 
JL{LJLJAjitiri1) 


12/3/4/5|6|7/8| 
+-+-+-+-+-+-+-+ 


Figure 3. SNAP Listing: Pin Diagram 
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@PINLIST 

clkl is 

clk2 
fhstpl i; 

dirl i; 

setl > E 

set2 p 

dir2 i; 
fhstp2 i; 

W1D o; 

W1C o; 

W1B o; 

W1A o; 

W2A o; 

W2B o; 

W2C o; 

W2D o; 

@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 
wla.clk = clkl; 
wla.set = setl; 
wlb.clk = clkl; 
wlb.rst = setl; 
wlc.clk = clkl; 
wlc.set = setl; 
wld.clk = clkl; 
wld.rst = setl; 
pla.clk = clkl; 
pla.set = setl; 
plb.clk = clkl; 
plb.rst = setl; 
plic.clk = clkl; 
plic.set = setl; 
pld.clk = clkl; 
pld.rst = setl; 
w2a.clk = clk2; 
w2a.set = set2; 
w2b.clk = clk2; 
w2b.rst = set2; 
w2c.clk = clk2; 
w2c.set = set2; 
w2d.clk = clk2; 
w2d.rst = set2; 
p2a.clk = clk2; 
p2a.set = set2; 
p2b.clk = clk2; 
p2b.rst = set2; 
p2c.clk = clk2; 
p2c.set = set2; 
p2d.clk = clk2; 
p2d.rst = set2; 


@INPUT VECTORS 


@OUTPUT VECTORS 


“clock & set/rst for” 
“output flip-flops” 


“clock & set/rst for” 
“internal flip-flops” 


“output flip-flops” 


“internal flip-flops” 


[wld, wlc, wlb, wla] 
stepl = 0101b; 
step2 = 0001b; 
step3 = 1001b; 
step4 = 1000b; 
step5 = 1010b; 
step6 = 0010b; 
step7 = 0110b; 
step8 = 0100b; 
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{w2d,w2c, w2b, w2a] 
stepla= 0101b; 
step2a= 0001b; 
step3a= 1001b; 
step4a= 1000b; 
step5a= 1010b; 
step6a= 0010b; 
step7a= 0110b; 
step8a= 0100b; 


@STATE VECTORS 
[pld, plc, plb, pla] 


stpl = 0101b; “state machine # 1” 
stp2 = 0001b; 

stp3 = 1001b; 

stp4 = 1000b; 

stp5 = 1010b; 

stp6 = 0010b; 

stp7 = 0110b; 

stp8 = 0100b; 

[p2d, p2c, p2b, p2a] 

stpla= 0101b; “state machine # 2” 


stp2a= 0001b; 
stp3a= 1001b; 
stp4a= 1000b; 
stp5a= 1010b; 
stp6a= 0010b; 
stp7a= 0110b; 
stp8a= 0100b; 


@TRANSITIONS 


“motor controller #1” 
while [stpl] 
if [ fhstp1* dirl] then [stp3] with [step3] “full step forward” 
if [/fhstp1l* dirl] then [stp2] with [step2] “half step forward” 
if [ fhstpl*/dirl] then [stp7] with [step7] “full step backward” 
if [/fhstp1*/dirl] then [stp8] with [step8] “half step backward” 


while [stp2] 

if [ fhstpl* dirl] then [stp4] with [step4] 
if [/fhstp1* dirl] then [stp3] with [step3] 
if [ fhstpl*/dirl] then [stp8] with [step8] 
if [/fhstp1*/dirl] then [stpl] with [stepl1] 


while [stp3] 

if [ fhstpl* dirl] then [stp5] with [step5] 
if [/fhstpl* dirl] then [stp4] with [step4] 
if [ fhstpl*/dirl] then [stpl] with [step1] 
if [/fhstp1*/dirl] then [stp2] with [step2] 


while [stp4] 

if [ fhstpl* dirl] then [stp6] with [step6] 
if [/fhstpl* dirl] then [stp5] with [step5] 
if [ fhstpl1*/dirl] then [stp2] with [step2] 
if [/fhstp1*/dirl] then [stp3] with [step3] 


while [stp5] 

if [ fhstpl* dirl] then [stp7] with [step7] 
if [/fhstp1* dirl] then [stp6] with [step6] 
if [ fhstpl*/dirl] then [stp3] with [step3] 
if [/fhstpl1*/dirl] then [stp4] with [step4] 


while [stp6] 

if [ fhstpl* dirl] then [stp8] with [step8] 
if [/fhstp1* dirl] then [stp7] with [step7] 
if [ fhstpl*/dirl] then [stp4] with [step4] 
if [/fhstp1*/dirl] then [stp5] with [step5] 


Figure 4. SNAP Listing: .EQN File (2 of 3) 
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while [stp7] 

if [ fhstpl* dirl] then [stpl] 
if [/fhstpl* dirl] then [stp8] 
if [ fhstp1*/dirl] then [stp5] 
if [/fhstp1*/dirl] then [stp6] 


while [stp8] 

if [ fhstpl* dirl] then [stp2] 
if [/fhstp1* dirl] then [stp1] 
if [ fhstpl*/dirl] then [stp6] 
if [/fhstpl1*/dirl] then [stp7] 


[step1] 
[step8] 
[step5] 
[step6] 


[step2] 
[step1] 
[step6] 
[step7] 


“motor controller #2” 


while [stpla] 

if [ fhstp2* dir2] 
if [/fhstp2* dir2] 
if [ fhstp2*/dir2] 
if [/fhstp2*/dir2] 


while [stp2a] 

if [ fhstp2* dir2] 
if [/fhstp2* dir2] 
if [ fhstp2*/dir2] 
if [/fhstp2*/dir2] 


while [stp3a] 

if [ fhstp2* dir2] 
if [/fhstp2* dir2] 
if [ fhstp2*/dir2] 
if [/fhstp2*/dir2] 


while [stp4a] 

if [ fhstp2* dir2] 
if [/fhstp2* dir2] 
if [ fhstp2*/dir2] 
if [/fhstp2*/dir2] 


while [stp5a] 

if [ fhstp2* dir2] 
if [(/fhstp2* dir2] 
if [ fhstp2*/dir2] 
if (/fhstp2*/dir2] 


while [stp6a] 

if [ fhstp2* dir2] 
if [/fhstp2* dir2] 
if [ fhstp2*/dir2] 
if [/fhstp2*/dir2] 


while [stp7a] 

if [ fhstp2* dir2] 
if [/fhstp2* dir2] 
if [ fhstp2*/dir2] 
if [/fhstp2*/dir2] 


while [stp8a] 

if [ fhstp2* dir2] 
if [/fhstp2* dir2] 
if [ fhstp2*/dir2] 
if [/fhstp2*/dir2] 
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then 
then 
then 
then 


then 
then 
then 
then 


then 
then 
then 
then 


then 
then 
then 
then 


then 
then 
then 
then 


then 
then 
then 
then 


then 
then 
then 
then 


then 
then 
then 
then 


[stp3a] 
[stp2a] 
[stp7a] 
[stp8a] 


[stp4a] 
[stp3a] 
[stp8a] 
[stpla] 


[stp5a] 
[stp4a] 
[stpla] 
[stp2a] 


[stp6a] 
[stp5a] 
[stp2a] 
[stp3a] 


[stp7a] 
[stp6a] 
[stp3a] 
[stp4a] 


[stp8a] 
[stp7a] 
[stp4a] 
[stp5a] 


[stpla] 
[stp8a] 
[stp5a] 
[stp6a] 


[stp2a] 
[stpla] 
[stp6a] 
[stp7a] 


[step3a] 
[step2a] 
[step7a] 
[step8a] 


[step4a] 
[step3a] 
[step8a] 
[stepla] 


[step5a] 
[step4a] 
[stepla] 
[step2a] 


[step6a] 
[step5a] 
[step2a] 
[step3a] 


[step7a] 
[step6a] 
[step3a] 
[step4a] 


[step8a] 
[step7a] 
[step4a] 
[step5a] 


[stepla] 
[step8a] 
[step5a] 
[step6a] 


[step2a] 
[stepla] 
[step6a] 
[step7a] 
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step forward” 
step forward” 
step backward” 
step backward” 


Figure 4. SNAP Listing: .EQN File (3 of 3) 
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PLC42VA12 DMA APPLICATIONS designed, system-specific DMA controllers count (up) by 1, 2, or 4 depending on the 


The PLC42VA12 contains 10 flip-flops that that can generate addresses or count nibbles, | chosen circumstances. A solution for the 

may flexibly be configured to build counters, bytes, half-words or words. Applications for problem is presented in this section to 

shifters or any customized state machine these controllers include I/O concentration illustrate solving the problem with Philips 

required. With today’s 32-bit micro- and cache subsystem updating. Typically, Semiconductors SNAP design software. The 
these devices can be preset or cleared and SNAP files are presented in Figure 1. 


processors, there is a need for user- 


@PINLIST 
CLK I ;MODEO I ;MODE1 I;RST I;LOAD I;CO O;TOE I; 
OUTA O;OUTB O;OUTC O;OUTD B;OUTE B;OUTF B;OUTG G;OUTH B;OUTI B;OUTJ B; 


@Logic Equations 
“ model mode0 function 

0 0 count by 1 

0 dL. count by 2 

1 0 count by 4 

ef 1 illegal 
1*/load* /mode0*/model “load disables P-terms” 
+ mode0*/load “force 0 for count by 2” 
+ model*/load + XOUTA; “or count by 4” 
1*/load*/mode0*/model + YOUTA; “XOUTA, YOUTA are outputs 

“tristate inputs ” 

outa*/load*/mode0*/model 
+ 1*/model*mode0*/load 
+ model*/mode0*/load + XOUTB; “force 0 count by four” 
outa*/load*/mode0*/model 
+ model*/mode0*/load + YOUTB; 


outa*outb/load*/mode0*/model 
+ outbh*/model*mode0*/load; 
= DOUTC + XOUTC; 
DOUTC + YOUTC; 


outa*outb*outc*/ load*/mode0*model “eount. by 1” 
+ outb*outc*/model*mode0*/load “count by 2” 
+ outc*model*/mode0*/load; “count by 4” 

= DOUTD + XOUTD; 

= DOUTD + YOUTD; 


outa*outb*outc*outd*/load*/mode0*/model 
+ outb*outc*outd*/model*mode0*/load 
+ outc*outd*model*/mode0*/load; 

= DOUTE + XOUTE; 

= DOUTE + YOUTE; 


outa*outb*outc*outd*oute*/load*/mode0*model 
+ outb*outc*outd*oute*/model *mode0*/load 
+ outc*outd*oute*model*/mode0*/load; 

= DOUTF + XOUTF; 
DOUTF + YOUTF; 


outa*outb*outc*outd*oute*outf*/load*/mode0*/model 
+ outb*outc*outd*oute*outf*/model*mode0*/load 
+ outc*outd*oute*out f*model*/mode0*/load; 

= DOUTG + XOUTG; 

= DOUTG + YOUTG; 


outa*outb*outc*outd*oute*out f*outg*/ load*/mode0*/model 
+ outb*outc*outd*oute*out f*outg*/model*mode0*/load; 
+ outc*outd*oute*out f*outg*model */mode0*/1load; 
DOUTH + XOUTH; 
DOUTH + YOUTH; 


Figure 1. SNAP Files (1 of 3) 
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outa*outb*outc*outd*oute*out f*outg*outh*/load*/mode0*/model 
+ outb*outc*outd*oute*out f*outg*outh*/model*mode0*/ load 
+ outc*outd*oute*out f*outg*outh*model*/mode0*/load; 
QOUTI.J = DOUTI + XOUTI; 
QOUTI.K = DOUTI + YOUTI; 


DOUTJ outa*outb*outc*outd*oute*out f*outg*outh*outi*/load*/mode0*/model 
+ outb*outc*outd*oute*outf*outg*outh*outi*/model*mode0*/load 
+ outc*coutd*oute*out f*outg*outh*outi*model*/mode0*/1load; 
QOUTJ.J = DOUTJ + XOUTJ; 
QOUTJI.K DOUTJ + YOUTJ; 


outa*outb*outc*outd*oute*outf*outg*outh*outi*out j*/load*/mode0*/model 
+ outb*outc*outd*oute*out f*outg*outh*outi*out j*/model*mode0*/load 
+ outc*outd*oute*out f*outg*outh*outi*out j*model*/mode0*/load; 


“ Reset for all flip-flops ” 
QOUTA.RST = RST; 
QOUTB.RST = RST; 
QOUTC.RST = RST; 
QOUTD.RST = RST; 
QOUTE.RST = RST; 
QOUTF.RST = RST; 
QOUTG.RST Rsk; 
QOUTH.RST = RST; 
QOUTI.RST RST; 
QOUTJ.RST = RST; 
“ Flip-flops are followed by tristate outputs which drive the pin ” 
OUTA = /QOUTA; 
OUTB = /QOUTB; 
OUTC /QOUTC; 
OUTD /QOUTD; 
OUTE = /QOUTE; 
OUTF /QOUTF; 
OUTG = /QOUTG; 
OUTH /QOUTH; 
OUTI FQOOUT Is 
OUTJ = /QOUTJ; 
OUTA. = TOE; 
OUTB. = TOE; 
OUTC. TOE; 
OUTD. TOE: 
OUTE. = TOE; 
OUTF. TOE; 
OUTG. = TOE; 
OUTH. = TOE; 
OUTI. = TOE; 
OUTJ.OE = TOE; 


Figure 1. SNAP Files (2 of 3) 


October 1993 686 


Philips Semiconductors Programmable Logic Devices Application Note 


DMA controller AN0304 


“Pins are fed back to flip-flops using tristate inputs (FF load)” 
XOUTA /OUTA; “feed.back to J is inverted” 
YOUTA = OUTA; “feed-back to K IS NOT inverted” 
XOUTB /OUTB; 
YOUTB OUTB; 
XOUTC FOUTS: 
YOUTC OUTC; 
XOUTD /OUTD; 
YOUTD OUTD; 
XOUTE /OUTE; 
YOUTE OUTE; 
XOUTF /OUTF; 
YOUTF OUTF; 
XOUTG /OUTG; 
YOUTG OUTG; 
XOUTH /OUTH; 
YOUTH OUTH; 
XOUTI fOUTI? 
YOUTI OUTI; 
XOUTJ = /OUTJ; 
YOUTJ = OUTJ; 
XOUTA.LD = LOAD; 
XOUTB.LD = LOAD; 
XOUTC.LD = LOAD; 
XOUTD.LD = LOAD; 
XOUTE.LD LOAD; 
XOUTE.LD = LOAD; 
XOUTG.LD LOAD; 
XOUTH.LD LOAD; 
XOUTI.LD LOAD; 
XOUTJ.LD LOAD; 
YOUTA.LD LOAD; 
YOUTB.LD = LOAD; 
YOUTC.LD = LOAD; 
YOUTD.LD LOAD; 
YOUTE.LD = LOAD; 
YOUTF .LD LOAD; 
YOUTG.LD = LOAD; 
YOUTH.LD = LOAD; 
YOUTI.LD = LOAD; 
YOUTJ.LD = LOAD; 


Figure 1. SNAP Files (3 of 3) 
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INTRODUCTION 

This application note describes two PLD 
designs made with the PLC42VA12. Both 
designs are controller functions for an 
|@C-bus n-bit I/O expander. The first design is 
a controller function for a n-bit I@C-bus Input 
Expansion (|2C-bus Slave Transmitter 
function) and the second one for a n-bit 
|?C-bus Output Expansion (12C-bus Slave 
Receiver function). 


The |#C-bus is a 2-way, 2-line communication 
between different ICs or modules. The two 
lines are a serial data line (SDA) and a serial 
clock line (SCL). The designs provide remote 
input or output expansion for our Philips 
micro controller families via the two-line serial 
bidirectional I@C-Bus. The |@C-Bus slave 
address of the designs is equal to the 
address of the PCF8574 (remote 8-bit I/O 
expander). The |?C-Bus has been specified 
for 100kHz, but the PLC42VA12 designs can 
go up to 1MHz. This makes the designs 
suitable as test vehicle for the new fast 
l?C-Bus standard of 400 kHz. 


The PLC42VA12 is the most powerfull PLD 
device in a DIL-package of Philips 
Semiconductors. The designs use almost all 
resources and most of the features of the 
PLC42VA12 e.g. combination of synchronous 
and asynchronous logic, 3-State outputs 
used as open collector outputs and a 
combination of output flip-flops and state 
flip-flops. 


The design has been verified on a 
bread-board. This board contains the two 
PLC42VA12 controller designs, four 
74HC165 devices, four 74HC595 devices and 
all the circuitry necessary to read 32 
DIP-switches and to control 32 LED's. 


This application note gives first a general 
description of the designs. Then it describes 
the characteristics of the 1@C-Bus and some 
basic functions (tricks) used in both designs. 
You will find a detailed description of the 
designs and the |2C-Bus protocols of the 
controller functions in the sections entitled, 
l?C-Bus Slave Transmitter Function and 
|2?C-Bus Slave Receiver Function. The 
appendix, gives all the used design files in 
the SNAP syntax. SNAP is the Philips 
Semiconductors PLD design software 
package. You will find the equation entry files 
EQN, the simulation control files SCL and the 
pinning files PIN. The last sheet gives the 
schematic diagram of the bread-board. 
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GENERAL DESCRIPTION OF THE 


DESIGNS 

The two designs described in this report are 
both controller functions for an l@C-Bus n-bit 
|/O-expander. The designs were made ona 
customer request to have a solution for his 
problem to address via the I?C-Bus more 
than 200 bits of inputs and outputs. With the 
existing I2@C-Bus devices the maximum 
number of input and/or output bits is 16 x 8 = 
128 (8 x PCF8574 + 8 x PCF8574A). The 
designs work fully according to the I°C-Bus 
specification at 100kHz. 


When an |2C-Bus master device (e.g. a micro 
controller) has to read data from or write data 
to the remote |/O-expander devices PCF8574 
and PCF8574A, it first sends the I?C-Bus 
slave address of the device and then reads or 
writes only one byte. The two controller 
functions, the Slave-Receiver and the Slave 
Transmitter, don t have this problem. For 
these designs, the master sends the slave 
address only once, and then reads or writes 
One or multiple data-bytes. The master 
device, decides the number of bytes. The 
slave addresses used for the designs are 
identical to the slave addresses of the 
PCF8574 and PCF8574A devices. 


The |2C-bus has been specified for a 100 kHz 
clock (SCL). With the internal maximum 
system clock of 8 MHz, the two PLC42VA12 
designs can go upto an |2C-bus clock of 
1MHz. This makes the design suitable as test 
vehicle for the new fast |@C-bus standard of 
400 kbits/s. The speed is the only additional 
specification point of this new |2C-bus 
specification that can be met. The other new 
specification points as Schmitt-trigger inputs 
and slope control of the falling edges of the 
SDA and SCL signals can not be met. 


The PLC42VA12 has been chosen, because 
of its special hardware features. These 
features are not available in other PLD 
devices available in a 24-pin DIL package 
e.g. the PL22V10. Some of the used features 
are: 
® Combination of synchronous and 
asynchronous logic. 


® Combination of D-type flip-flops with 
JK-type flip-flops. 


® Flip-flops used as state registers. The 
M-pins used as inputs and/or outputs. 
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® 3-State buffers used as open collector 
outputs. The 3-State control-input of an I/O 
Output buffer is used as logic input. The 
input of that buffer is connected to the 
ground. 


The intention was, to put both the Slave 
Transmitter and the Slave Receiver controller 
in one device. Unfortunately, the resources of 
the PLC42VA12 are not sufficient to 
implement both designs in one device. As a 
combination of a Slave Transmitter and a 
Slave Receiver with a high number of inputs 
and outputs is seldom requested, this should 
not be a problem. 


The first PLC42VA12 design is an |2C-bus 
Slave Transmitter controller. With one or 
multiple 74HC 165 devices, it forms an 
l2C-bus n-bit Input Expander. At one side the 
controller fully controls the I2C-Bus Slave 
Transmitter function, and at the other side it 
generates the control signals for the 
74HC165. The 74HC165 devices can be 
cascaded to increase the number of inputs. 
Chapter. |@C-Bus Slave Transmitter Function 
gives a detailed description of the design. 


The second design is an I@C-bus Slave 
Receiver controller. With one or multiple 
74HC595 devices it forms an |?C-bus n-bit 
Output Expander. At one side the controller 
fully controls the 1@C-Bus Slave Receiver 
function, and at the other side it generates 
the control signals for the 74HC595. The 
74HC595 devices can be cascaded to 
increase the number of outputs. The section 
entitled I@?C-Bus Slave Receiver Function 
describes in detail the design. 


For design verification purposes, a 
bread-board has been made. This board 
contains all the devices to build a Slave 
Transmitter with 32 inputs and a Slave 
Receiver with 32 outputs. The main devices 
of the board are: 


® A PLC42VA12 with the Slave Transmitter 
controller function, 


® 4 PC74HC165 devices, 
® 4 octal DIP-switches, 


@ A PLC42VA12 containing the Slave 
Receiver controller function, 


@ 4 PC72HC595 devices, 
@ 32 LED's. 
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CHARACTERISTICS OF THE 
I2C-BUS 

The |?C-bus is a 2-way, 2-line communication 
between different ICs or modules. The two 
lines are a serial data line (SDA) and a serial 
clock line (SCL). Both lines must be 
connected to a positive supply via a pull-up 
resistor when connected to the output stages 
of a device. Data transfer may be initiated 
only when the bus is not busy. 


Bit Transfer 

One data bit is transferred during each clock 
pulse. The data on the SDA line must remain 
stable during the HIGH period of the clock 


Start Condition 
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pulse as changes in the data line at this time 
will be interpreted as control signals 

(Figure 1, Bit Transfer). The maximum clock 
frequency is 100 kHz. 


Start and Stop Conditions 

Both data and clock lines remain HIGH when 
the bus is not busy. A HIGH-to-LOW 
transition of the data line, while the clock is 
HIGH is defined as the start condition (S). A 
LOW-to-HIGH transition of the data line while 
the clock is HIGH is defined as the stop 
condition (P). Figure 2, Definition of Start and 
Stop Conditions, gives the timing diagram. 


Stable: 
Data Valid 
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System Configuration 

A device generating a message is a 
transmitter, a device receiving a message is 
the receiver. The device that controls the 
message is the master and the devices which 
are controlled by the master are slaves. 
Figure 3, System Configuration, gives a block 
diagram of the system configuration. 


4 


Stop Condition 


Figure 2. Definition of Start and Stop Conditions 


SLAVE 
TRANSMITTER 


Figure 3. System Configuration 
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Acknowledge 

The number of data bytes transferred 
between the start and the stop conditions 
from transmitter to receiver is not limited. 
Each byte of eight bits is followed by one 
acknowledge bit. The acknowledge bit is a 
HIGH level put on the bus by the transmitter 
whereas the master generates an extra 
acknowledge related clock pulse. A slave 
receiver which is addressed must generate 
an acknowledge after the reception of each 
byte. Also a master must generate an 
acknowledge after the reception of each byte 
that has been clocked out of the slave 
transmitter. The device that acknowledges 
has to pull down the SDA line during the 


start condition 


SCL FROM 
MASTER 


DATA OUTPUT 
BY TRANSMITTER 


a 


DATA OUTPUT 
BY RECEIVER 
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acknowledge clock pulse, so that the SDA 
line is stable LOW during the HIGH period of 
the acknowledge related clock pulse. Setup 
and hold times must be taken into account. A 
master receiver must signal an end of data to 
the transmitter by not generating an 
acknowledge on the last byte that has been 
clocked out of the slave. In this event the 
transmitter must leave the data line HIGH to 
enable the master to generate a stop 
condition (see Figure 4, Acknowledgement on 
the l2C-bus). 


Formats 
Data transfers follow the format shown in 
Figure 5 Data formats of the I2C-bus. After 


Figure 4. Acknowledgement on the I2C-Bus 
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the START condition, the master sends the 
slave address. This address is 7 bits long, the 
eighth bit is a data direction bit (R/WN). A 
zero indicates a transmission (WRITE) anda 
one indicates a request for data (READ). A 
master always terminates a data transfer by a 
STOP condition. However, if a master still 
wishes to communicate on the bus, it can 
generate an other START condition and 
address an other slave without first 
generating a STOP condition. Various 
combinations of read and write formats are 
then possible within such a transfer. 


clock pulse for 
acknowledgement 


/ 
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Possible data transfer formats are: 


a. Master transmitter to slave receiver. Direction is not changed. 


| [| 


‘0’ (write) 


b. Master reads slave immediately after first byte. 


‘1’ (read) 


data transferred 
(n bytes + acknowledge) 


data transferred 
(n bytes + acknowledge) 
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__| 


A = acknowledge 
S = start 
P = stop 


___| 


At the moment of the first acknowledge, the master transmitter becomes a master receiver and the slave receiver 
becomes a slave transmitter. This acknowledge is still generated by the slave. 


The STOP condition is generated by the master. 


[s[aovewonss] www] aT one [a] s]ancnomnes] om] a] om Ta] 


read or write 


| inoye | 


+ ack.) 


read or write 


| | Le embyes J 


+ ack.) 


direction of transfer may 
change at this point. 


During a change of direction within a transfer, the START condition and the slave address are both repeated, but the R/W 


bit reversed. Start, stop, slave addresses and R/W bits are generated by the master. 


COMMON BASIC FUNCTIONS 

This section gives a number of common 
basic functions used in the designs. The 
report gives for each function the basic 
diagram, the SNAP description and the timing 
diagram if applicable. The following basic 
circuits are described: 


® Oscillator 

® SCL Edge detection 

® Start/Stop detection 

Oscillator 

The design has two clock options, the internal 
oscillator and an external clock. For both 


options, the clock input CLK is used. A HIGH 
CLKEN input selects the internal oscillator 
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Figure 5. Data formats of the I2C-Bus 


and a LOW input the external clock. Without 
capacitor, we get the maximum frequency of 
the internal clock of 8 MHz. This frequency 
can be lowered by using a small capacitor C. 
Figure 6 Oscillator shows the diagram and 
the EQN file description of the oscillator. 


SCL Edge Detection 

The frequency of the system clock is much 
higher than the |2C-bus clock (SCL). This 
means, that most of the time the state 
machine is waiting for the edges of the SCL 
clock. This section describes the circuit that 
detects the HIGH and the LOW going edge of 
the SCL clock. The state machines 
synchronizes on the output pulses SCLH and 
SCLL.The detection network uses only two 
flip flops and two AND gates. Figure 7 SCL 
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Timing Diagram SCL Edge Detection. gives 
the timing diagram of the edge detector and 
Figure 8 SCL Edge Detection. the diagram 
and the description of the EQN file. 


Start/Stop Detection 

A HIGH-to-LOW transition of the data line, 
while the clock is HIGH has been defined as 
the start condition (S) of the |2C-bus. A 
LOW-to-HIGH transition of the data line while 
the clock is HIGH has been defined as the 
stop condition (P). The easiest way to detect 
this start and stop condition is using 
asynchronous logic. The PLC42VA12 is very 
suited for this kind of solutions. Figure 2, 
Definition of Start and Stop Conditions, gives 
the timing diagram of these conditions. 
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@PINLIST 
RC 

CLK 
CLKEN 


@LOGIC EQUATIONS 

CLK .OW =CLKEN 

RC .OE =CLK*CLKEN ; 
RC =GND ; 

CLK =RC; 


Figure 6. Oscillator 


Figure 7. SCL Timing Diagram SCL Edge Detection 


@PINLIST 
SCL 
D CLK 
SCLFF2 RESET 


@LOGIC EQUATIONS 

SCLFF1.D =SCL; 

SCLFF1.RST =RESET; 

SCLFF2 .D =SCLFF 1; 
SCLFF2.RST =RESET; 

SCLH =SCLFF1*/SCLFF2 ; 
SCLL =/SCLFF1*SCLFF2; 


Figure 8. SCL Edge Detection 
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I2C-BUS SLAVE TRANSMITTER 
FUNCTION 


The Slave Transmitter design provides 
remote input expansion for our Philips 
microcontroller families via the two-line serial 
bidirectional |@C-Bus. The I2C-Bus slave 
address is equal to the address of the 
PCF8574 (remote 8-bit I/O expander). The 
design will only acknowledge the read-mode. 


The design handles the full slave read mode 
of the I@C-Bus and will generate the control 
signals for the 74HC165, an 8-bit parallel-in / 
serial-out shiftregister. This device is used to 
read the parallel input data and convert this 
into serial data. This data is written to the 
|?C-Bus. The total number of 74HC165 
devices is almost unlimited. 


With the three address selection inputs, the 
slave transmitter can be combined with 
multiple PCF8574 devices. 


The design has a build-in clock oscillator. The 
section entitled Oscillator describes this 
circuit. If an external clock is required, the 
internal oscillator can be inhibited with the 
CLKEN-input. 


Figure 17, Slave Transmitter EQN File, 
Figure 18, Slave Transmitter SCL File, and 
Figure 19, Slave Transmitter PIN File, give 
the design files. The sections SDA Control 
Slave Transmitter, I@C-Bus protocol Slave 
Transmitter and Interface with 74HC 165 give 
a detailed description of parts of the design. 


SDA Control Slave Transmitter 
The SDA data line of the I@C-bus is a 
bidirectional line with a passive pull-up. This 
asks for a bidirectional open collector I/O line. 
As the PLC42VA12 has only 3-State I/Os, we 
need one of the advantages of the 
PLC42VA12 to get an open collector output. 
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STARTFF 


@PINLIST 


scL 
SDA 
RESET 
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@LOGIC EQUATIONS 


D STOPFF 
STOPFF 


Figure 9. Start/Stop Detection 


IN a PLC42VA12 each OE-input can be used 
as a logic input. With a LOW level (ground) at 
the input, the output has a LOW level when 
OE is true and is floating when OE is false. 
These are the characteristics of an open 
collector output. 


Only one AND-gate controls the OE input of a 
bidirectional I/O. The design asks for 
multi-level logic. Figure 10 SDA Control Slave 
Transmitter shows how this input can be 
controlled by multi-level logic. The inputs 
ACKNOW, DATIN and SDAIN are auxiliary 
outputs of the PLC42VA12, used as inputs of 
the SDA control. 


I2C-Bus protocol Slave 


Transmitter 

The section entitled Formats describes the 
general data formats of the 1?C-Bus protocol. 
Figure 11 |2@C-Bus Protocol Slave Transmitter 
gives the protocol for this design. After a start 
condition, the master sends the slave 
address of the device. This 7 bits address 
consists of a fixed part and a programmable 
part. The first four bits are fixed (0100) and 
the three least significant bits are 
programmable. Three hardware address pins 
determine the final slave address. Up to 8 
devices (or PCF8574) may be addressed by 
the master. After the slave address anda 
HIGH R/WN bit, the slave generates an 
acknowledge. At the next LOW SCL, the 
slave may start sending the first data byte. 
This byte will be acknowledged by the 
master. Also the next bytes will be 
acknowledged by the master. As after the 
acknowledge pulse the slave controls the 
SDA-line, the master can not generate a stop 
condition. The only way for a master to 
terminate a transmission, is not to 
acknowledge the last byte n. Then, the slave 
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STARTFF .CLK 
STARTFF .D 
STARTFF .RST 
STOPFF .CLK 
STOPFF .D 
STOPFF .RES 


=/SDA; 
=SCL; 
=RESET; 
=SDA; 
=SCL; 
=RESET; 


transmitter will release the SDA-line and the 
master can generate a stop condition. 


Interface with 74HC165 

The 74HC/HCT 165 is an 8-bit parallel load or 
serial-in shift register with complementary 
serial outputs (Q7 and Q7N) available from 
the last stage. When the parallel load (PLN) 
input is LOW, parallel data from the DO to D7 
inputs are loaded into the register 
asynchronously. When PLN is HIGH, data 
enters the register serially at the DS input 
and shifts one place to the right with each 
positive-going clock transition. This feature 
allows parallel-to-serial converter expansion 
by tying the Q7 output to the DS input of the 
succeeding stage. 


The CLOUT output of the PLC42VA12 
controls the clock of the 74HC165 and the 
PLOADN output controls the PLN input. The 
Q7 output of the 74HC165 is the data input 
DATIN of the PLC42VA12. 


With this setup, the most significant bit of the 
data is the first bit that will be sent from the 
slave to the master. Figure 11 I@C-Bus 
Protocol Slave Transmitter gives the timing 
diagram of this interface. 


When the slave address and the read bit 
have been detected, the controller generates 
the parallel load pulse PLOADN. After 
sending the firs bit (most significant bit of the 
transmission) it generates the first shift pulse 
CLOCKOUT. At the end of the first byte, the 
master generates an acknowledge. The 
second byte starts with a shift pulse 
CLOCKOUT. At each next LOW SCL level, 
this pulse is repeated. If at the end of the byte 
the master sends an acknowledge, then the 
next byte will be sent. A not acknowledge 
stops the procedure. 
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@PINLIST 
SDA 
ACKNOW 
DATIN 
SDAEN 
SDAOE 


@LOGIC EQUATIONS 

SDA =GND; 

SDA.OE =SDAOE; 

SDAOE =ACKNOW+ 
(/DATIN*SDAEN) 


Figure 10. SDA Control Slave Transmitter 


Address from master Data from slave 


[ Start condition ‘1’ Read Acknowledge from slave L Acknowledge from master 


Not acknowledge from master 
end of transmission. 


Stop condition 


Figure 11. I?C-bus Protocol Slave Transmitter 


DATIN | | 


PLOADN LJ 


Figure 12. Interface with 74HC165 
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I2C-BUS SLAVE RECEIVER 
FUNCTION 


The slave receiver design provides remote 
output expansion for our Philips micro 
controller families via the two-line serial 
bidirectional I@C-bus. The |2C-bus slave 
address is equal to the address of the 
PCF8574 (remote 8-bit I/O expander). The 
design will only acknowledge the write-mode. 


The design handles the full slave write mode 
of the I?C-Bus and will generate the control 
signals for the 74HC595, an 8-bit serial-in / 
parallel-out shiftregister. This device is used 
to write the serial from the 12C-bus input to, 
and convert this into parallel data. The total 
number of 74HC595 devices is almost 
unlimited. 


With the three address selection inputs, the 
slave receiver can be combined with multiple 
PCF8574 devices. 


The design has a build-in clock oscillator. The 
section entitled Oscillator describes this 
circuit. If an external clock is required, the 
internal clock can be inhibited with the 
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CLKEN-input. Figure 20, Slave Receiver 
EQN File, Figure 21, Slave Receiver SCL 
File, and Figure 22, Slave Receiver PIN File 
give the design files. The sections SDA 
Control Slave Receiver, Set-Reset Flip-Flop, 
|2?C-Bus protocol Slave Receiver and 
Interface with 74HC595 give a detailed 
description of parts of the design. 


SDA Control Slave Receiver 

In the Slave Receiver protocol of the |2@C-Bus, 
mainly the master controls the SDA-line. The 
Slave Receiver uses the SDA-line only for 
generating an acknowledge pulse. This is 
done after receiving its slave address with a 
write condition and all the following data 
bytes. Figure 13, SDA Control Slave 
Receiver gives the diagram and the 
description of the EQN-file. 


Set-Reset Flip-Flop 

The PLC42VA12 has 10 internal flip-flops. As 
the design needs an additional D-latch, this 
one has to be built out of gates. Figure 14, 
Set-Reset Flip-Flop Slave Receiver, gives the 
diagram and the equation file description of 


ACKNOW 
@PINLIST 


SDA 
ACKNOW 


Application Note 


ANO36 


this function. In this example the signal STO7 
is defined as an input, but in the final design 
this is a auxiliary output of the device. 


i2C-Bus protocol Slave Receiver 
The section entitled Formats describes the 
general format of the I@C-Bus protocol. 
Figure 14, Set-Reset Flip-Flop Slave 
Receiver, gives the protocol for this design. 
After a start condition, the master sends the 
slave address of the device. This 7 bits 
address consists of a fixed part anda 
programmable part. The first four bits are 
fixed (0100) and the three least significant 
bits are programmable. Three hardware 
address pins determine the final slave 
address. Up to 8 devices (or PCF8574) may 
be addressed by the master. After the slave 
address and a LOW R/WN bit, the slave 
generates an acknowledge. At the next LOW 
SCL, the master starts sending the first data 
byte. This byte will be acknowledged by the 
slave. Also the next bytes will be 
acknowledged by the slave. The master 
terminates a transmission, by sending a stop 
condition or a restart condition. 


@LOGIC EQUATIONS 


SDA 
SDA.OE 


Figure 13. SDA Control Slave Receiver 


Figure 14. Set-Reset Flip-Flop Slave Receiver 


695 


=GND; 
=ACKNOW 


@PINLIST 
SDA 

ST07 
DATA7 


@LOGIC EQUATIONS 
DATA7 = ((STO7*SDA) + 
(DATA7*/ST07) ) 
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Interface with 74HC595 

The 74HC/HCTS595 is an 8-stage serial shift 
register with a storage register and 3-State 
outputs. The shift register and storage 
register have separate clocks. 


Data is shifted on the positive-going 
transitions of the SHCP input. The data in 
each register transfers to the storage register 
on a positive going transition of the STCP 
input. The shift register has a serial input 
(DS) and a serial standard output (Q7 ) for 
cascading. All 8 shift registers have an 
asynchronous reset (active LOW). The 
storage register has 8 parallel 3-State bus 
driver outputs. Data in the storage registers 
at the output whenever the output enable 
input (OEN) is LOW. 


Four outputs of the PLC42VA12 control the 
inputs of the 74HC595. The RESOUT output 
the MRN input, CLKSTO the STCP input, 
CLKSHFT the SHCP and the DATOUT the 
DS input. 


The |?C-Bus sends first the most significant 
bit of the transmission. Figure 16 I?C-Bus 


Address from master 


SEEDER ELLIO ELLIE LEE ITE, SEILATEAI, 
oO 14 0 0 $A2 At AO O 


‘O’ write [ Acknowledge from slave 


L 


Start condition 


Interface with 74HC595 gives the timing 
diagram of this interface. 


To set all outputs of the 74HC595 to a 
defined level, after power-on, the controller 
generates first a reset pulse at the RESOUT 
output and then a clock pulse CLKSTO for 
the storage register. 


After a the slave address and the write bit 
(LOW) have been detected, during the next 
HIGH period of the SCL line there are three 
options. At the SDA line there can be the 
most significant bit of new data, the master 
generates a restart condition or the master 
generates a stop condition. This is also the 
case after each acknowledge. 


This implies, that this first data bit must be 
stored. At the next LOW period of the SCL 
line we know whether we had data or 
restart/stop condition. If it was data, then we 
have to put this data at the DATOUT output 
and generate a clock pulse at the CLKSHFT 
output. At the next 7 HIGH periods of the 


Data from master 


Figure 15. I?C-bus Protocol Slave Receiver 


SCL-line, data is valid and the controller 
generates a clock at the CLKSHFT output. At 
the end of the transmission, the master 
generates a stop condition or a restart. Then 
the stored data will be transferred to the 
storage register by a clock pulse at the 
CLiK<STO output. 


BREAD-BOARD I2C-BUS I/O 
EXPANDER 


For design verification purposes, a 
bread-board has been designed. The board 
contains all the devices to build an I2C-Bus 
Slave Transmitter with 32 inputs and an 
|2C-Bus Slave Receiver with 32 outputs. The 
inputs can be set HIGH or LOW by 4 octal 
DIP-switches. The outputs are examined by 
32 LED's. Figure 23, Schematic Diagram 
Bread-Board, gives the complete diagram of 
the bread-board. 


The board has been designed for design 
verification only. 


Data from master 


L Acknowledge from slave 


Not acknowledge from slave 


Stop condition 
end of transmission 


DATOUT | | | | | | | 


CLKSTO f 


RESOUT | 
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Figure 16. Interface with 74HC595 
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KREKKKEKKEKKEKEKKKEKEKEKEKKEKKKKEEKEKKEKKKKKKKKKKKKKKKKKK 


Project 
Function 


File Name 
Design file 
Pin File 


Date 
Designer 
Company 
Department 
Place 
Country 


+ ++ + + + + + + + + + HF F HF HF HF 


Equation Entry File 


TIC 
IIC-bus Slave Transmitter 


IICTRANS .EQN 
IICTRANS .SCL 
IICTRANS .PIN 


: March 1993 
: Aloys Schatorj 
: Philips Semiconductors 
: PCALE 
: Eindhoven 
The Netherlands 


+ + + + H + + F F HF F + HF F HF HF H 


KEKE KKEKKKEKKKEKEKKEKEKKKEKKKEKEKEEKEKKKKEKKKKKKKKKKK 


” 


@PINLIST 
CLK B 
RC B 
CLKEN I 
scL I 
SDA B 
RESET x 
ADDO I 
ADD1 L 
ADD2 Mi 
z 
Oo 
2] 
1) 
0 
Oo 
0 


. 
, 

. 
, 


sg 


DATIN 
CLOCKOUT 
PLOADN 
SDAOE 
SDAEN 
ACKNOW 
STATEST 


A 
, 
, 


td 


@GROUPS 
@TRUTHTABLE 


“System clock” 

“RC input internal clock” 
“Clock selection input” 
*IIC=BUS clock” 

“IIC-BUS data” 

“System reset” 

“Address selection line” 
“Address selection line” 
“Address selection line” 

“Data from input shift-register” 
“Clock to input shift-register” 


“Parallel load to input shift-register” 


“Enable line SDA I/0” 


“Enable condition SDA caused by data” 


“Acknowledge data” 
“Reset start and stop FF” 


@LOGIC EQUATIONS 


CLK . OE 

RC .OE 

RC 

CLK 
STARTFF .CLK 
STARTFF .D 
STARTFF .RST 
SCLFF1.D 
SCLFF1.RST 
SCLFF2 .D 
SCLFF2.RST 
SCLH 

SCLL 
Q0.RST 
Q1.RST 
Q2.RST 
Q3.RST 
Q4.RST 
Q5.RST 

SDA 

SDA.OE 
PLOADN 
SDAOE 


CLKEN is 

CLK*CLKEN ; 

GND . 

RC s 
/SDA 

SCL 

STATEST 

SCL 

RESET 

SCLFF1 =; 

RESET s 
SCLFF1*/SCLFF2 ; 
/SCLFF1*SCLFF2 ; 

RESET fs 

RESET 7 

RESET 

RESET 

RESET 

RESET 

GND 

SDAOE 
/PLOAD 

ACKNOW + (/DATIN*SDAEN) 


Figure 17. Equation Entry File Slave Transmitter (1 of 3) 
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@INPUT VECTORS 


@OUTPUT VECTORS 

[ACKNOW, CLOCKOUT, PLOAD, SDAEN] 
ACK = 1 - - - 
CLKOUT - 1 - 1 
SDAENA - - - if 
PLOUT = - - 1 1 


@STATE VECTORS 

[Q5, Q4, 93, Q2, Ql, Q0] JKFFR 
00 
3F 
3E 
3D 
o1 
02 
03 
04 


INITL 
INIT 
WAIT 
WAIT1 
ADDBIT6 
ADDBITS 
ADDBIT4 
ADDBIT3 
ADDBIT2 05 
ADDBIT1 06 
ADDBITO = O07 
RWBIT 08 
READMOD 09 
ACKBITR OA 
READ7L = OB 
READ7C 10 
READ7 a3, 
READ 6C i2 
READ6 13 
READ5C 14 
READS 15 
READ 4C 16 
READ 4 17 
READ3C 18 
READ3 19 
READ2C 1A 
READ2 1B 
READIC ic 
READ1 1D 
READOC 1E 
READO iF 
ACKPLS 20 
ACKPLSW 21 


ou tou tl iuitkundh nt du uu 
es 38 Se Ve Se Be Be Fe Ve Fe Fe Ve Be Me Fe Ne 


unt dbnribt tn bk nb dt bt ot be a 
“Ne Se Se Vs Ve Ve Ve Ve Ve Ve Vo Ve Ve Ve Veo 


car Car a ce ce Ic I I a ae oe I oe oe oe ee ee 


se 


@TRANSITIONS 
WHILE [INITL] 
IF (] [INIT] 
WHILE [INIT] 
IF (] [WALT] 
WHILE [WAIT] WITH [STATEST] 
IF [STARTFF ] [WAIT1] 
WHILE [WAIT1] WITH [STATEST] 
IF (] [ADDBIT6] 
WHILE  [ADDBIT6] 
IF [SCLH*SDA] [WAIT] 
IF [SCLH*/SDA] THEN [ADDBITS] 
[ADDBITS] 
IF [SCLH*/SDA] THEN [WAIT] 
IF [SCLH*SDA] THEN [ADDBIT4] 
[ADDBIT4] 
IF [SCLH*SDA] THEN [WAIT] 
IF [SCLH*/SDA] THEN [ADDBIT3] 
[ADDBIT3] 
IF [SCLH*SDA] THEN [WAIT] 
IF [SCLH*/SDA] THEN [ADDBIT2] 
[ADDBIT2] 
IF [SCLH*/ ((SDA*ADD2)+(/SDA*/ADD2))] THEN [WAIT] 
IF [SCLH* ((SDA*ADD2)+(/SDA*/ADD2))] THEN [ADDBIT1] 


Figure 17. Equation Entry File Slave Transmitter (2 of 3) 
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[ADDBIT1] 

IF [SCLH*/ ((SDA*ADD1)+(/SDA*/ADD1))] THEN [WAIT] 

IF [SCLH* ((SDA*ADD1)+(/SDA*/ADD1))] THEN [ADDBITO] 
[ADDBITO] 

IF [SCLH*/ ((SDA*ADDO)+(/SDA*/ADDO))] THEN [WAIT] 

IF [SCLH* ((SDA*ADD0)+(/SDA*/ADDO))] THEN [RWBIT] 
[RWBIT] 

IF [SCLH*SDA] THEN [READMOD] 

IF [SCLH*/SDA] THEN [WAIT] 
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[READMOD] 

IF [SCLL] 
[ACKBITR] 

IF [SCLL] 
[READ7L] 

IF (] 
[READ7C] 

IF [] 
[READ7] 

IF [SCLL] 
[READ6C] 

IF [] 
[READ6] 

IF sen 
[READSC] 

IF [] 
[READ5] 

IF [SCLL] 
[READ4C] 

IF [] 
[READ4] 

IF [SCLL] 
[READ3C] 

IF [] 
[READ3] 

IF [SCLL] 
[READ2C] 

IF [] 
[READ2] 

IF [SCLL] 
[READ1C] 

IF [] 
[READ1] 

IF [SCLL] 
[READOC] 

IF (] 
[READO] 

IF [SCLL] 
[ACKPLS] 


IF [SCLH*/SDA] 
IF [SCLH*SDA] 


[ACKPLSW] 
IF [SCLL] 


THEN 


THEN 


THEN 


THEN 


[ACKBITR] 
[READ7L] 
[READ7] 
[READ7] 
[READ6C] 
[READ6] 
[READ5C] 
[READ5] 
[READ4C] 
[READ 4] 
[READ3C] 
[READ3] 
[READ2C] 
[READ2] 
[READ1C] 
[READ1] 
[READOC] 
[READO] 
[ACKPLS] 


[ACKPLSW] 
[WAIT] 


[READ7C] 


[ACK] 
[PLOUT] 
[CLKOUT] 
[SDAENA] 
[CLKOUT] 
[SDAENA] 
[CLKOUT] 
[SDAENA] 
[CLKOUT] 
[SDAENA] 
[CLKOUT] 
[SDAENA] 
[CLKOUT] 
[SDAENA] 
[CLKOUT] 
[SDAENA] 
[CLKOUT] 


[SDAENA] 


Figure 17. Equation entry file slave transmitter (3 of 3) 
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KARKKKEKEKEKEKKEKKEKEKEKEKKEKKEKEKEKEKKEEKEKKKKKKKKKKKE 


Simulation Control Language File 


Project : ZC 
Function : IIC-bus Slave Transmitter 


File Name : IICTRANS.SCL 
Design file : IICTRANS.EOQN 
Pin File : IICTRANS .PIN 


Date : March 1993 

Designer : Aloys Schator}j 

Company : Philips Semiconductors 
Department : PCALE 

Place : Eindhoven 

Country : The Netherlands 


+ + + + + + F F + + HF F HF FHF HF OH 
+ + + + F F HF F F HF HF HF HF F HF HF F 


KKEKKEKKKKKKEKKKKKKEKKEKKKKKEKKKEKKKEKEKEKEKKEKEKEKKEKKKKKKKKKKK 
* 


P CLK, RESET, SCL, SDA, DATIN, SDAEN, CLOCKOUT, PLOADN, ACKNOW, 
# STARTFF, STATEST, QO, Q1, 02, Q3, 04, 
# RC, CLKEN, ADDO, ADD1, ADD2, VCC 
* SCLH, SCLL, 

PCO 
*x**x Initialisation *** 

BUSI SDA 

BUSI CLK 

BUSO RC 

(50, 100, ETC)CLK 
(75) RESET 
(500, 1000, ETC)SCL 
(DATIN) 
(vcc) 
(SDA) 
(CLKEN) 
001 (ADD2, ADD1, ADDO) 
TIME = 1225 


Generate start condition *** 
1 (SDA) 

TIME = *+500 

0 (SDA) 

TIME = *+500 


receive device address with read (01000011). *** 
QO (SDA) 

TIME = *+1000 

1 (SDA) 

TIME = *+1000 

0 (SDA) 

TIME = *+4000 

1 (SDA) 

TIME = *+2000 


*** Generate acknowledge from slave *** 
BUSO SDA 
SU TIME = *+1000 


*x*x* Transmit 8 bits data word 11111111 *** 
ST 1 (DATIN) 
SU TIME = *+8000 


x** Generate acknowledge from master *** 
BUSI SDA 

ST 0 (SDA) 

SU TIME = *+1000 


Figure 18. .SCL File Slave Transmitter (1 of 2) 
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*xk*k Transmit 8 bits data word 11001100 *** 
BUSO SDA 

ST 1 (DATIN) 

SU TIME = *+2000 

ST 0 (DATIN) 

SU TIME = *+2000 

ST 1 (DATIN) 

SU TIME = *+2000 

ST 0 (DATIN) 

SU TIME = *+2000 


*xx* Generate no acknowledge from master (end of transmition) *** 
BUSI SDA 

ST 1 (SDA) 

SU TIME = *+1000 


*x*xk Wait for new start condition *** 
SU TIME = *+3000 


Generate new start condition *** 
ST 1 (SDA) 
SU TIME = *+500 
ST 0 (SDA) 
SU TIME = *+500 


receive device address with write (01000010). *** 
ST 0 (SDA) 
SU TIME = *+1000 
ST 1 (SDA) 
SU TIME = *+1000 
ST 0 (SDA) 
SU TIME = *+4000 
ST 1 (SDA) 
SU TIME = *+1000 
ST 0 (SDA) 
SU TIME = *+1000 


Wait for new start condition *** 
SU TIME = *+3000 


x*k*k Generate new start condition *** 
ST 1 (SDA) 

SU TIME = *+500 

ST 0 (SDA) 

SU TIME = *+500 


**x* Receive wrong device address (0110000). *** 
ST 0 (SDA) 

SU TIME = *+1000 

ST 1 (SDA) 

SU TIME = *+2000 

ST 0 (SDA) 

SU TIME = *+6000 


*k*k Test internal clock *** 
BUSO CLK, RC 

ST 1 (CLK) 

ST 1 (CLKEN) 

SU TIME = *+ 1000 

F 


Figure 18. .SCL File Slave Transmitter (2 of 2) 
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KEKKEKKEKKKKKKKKKEKEKKEKKEKKEKEKEKKEKKEKEKEKKKKEKKKKKKKKKEKEK 
Pinning File 


Project : Ire 
Function : IIC-bus Slave Transmitter 


File Name : IICTRANS .EQN 
Design file : IICTRANS.SCL 
Pin File : IICTRANS .PIN 


Date : March 1993 

Designer : Aloys Schatorje 
Company : Philips Semiconductors 
Department : PCALE 

Place : Eindhoven 

Country : The Netherlands 


+ + + + + + + + HF F F F HF OF F OF OF 


* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
x 
* 
*x 
* 
* 
* 
* 


KKKKKKEKKKKKKEKKKEKKEKEKKEKKEKKKKKEKKKKKEEKKKKKKEKKKKKKKKKK 


LA 


Device =C42VA12 
Pin2 =RESET 
Pin3 =ADDO 
Pin4 =ADD1 
Pind =ADD2 
Pins =CLKEN 
Pin9 =SCL 
PinlO =SDA 
Pinll =CLOCKOUT 
Pinl4 =CLK 
Pinl5 =RC 
Pinl8s =DATIN 
Pinl9 =ACKNOW 
Pin20 =SDAOE 
Pin21 =SDAEN 
Pin22 =STATEST 
Pin23 =PLOADN 


Figure 19. .PIN File Slave Transmitter 
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“ 


KEKRKEKKEKKKKKKKEKKKKKEKEKKKEEKKKKKKKEKEKEKEKKEKKKKKKKKKKKKK 


* * 
* Equation Entry File * 
* * 
* Project . wee 7 
* Function : IIC-bus Slave Receiver - 
* * 
* File Name : IICRECEI .EQN * 
* Design file : IICRECEI.SCL * 
* Pin File : IICRECEI.PIN - 
* * 
* Date : March 1993 * 
* Designer : Aloys Schatorj * 
* Company : Philips Semiconductors = 
* Department : PCALE * 
* Place : Eindhoven * 
* Country : The Netherlands * 
* * 


KKEKKKEKKKEKKEKKKEKKKEKKKEKEKKEKKKKKEKKEEKKEKKKEKKEKKEKKKEKKEKK 


“ 


@PINLIST 

CLK B; “System clock” 

RC B; “RC input internal clock” 
CLKEN ae “Clock selection input” 
SCL 3 “IIC-BUS clock” 

SDA B; “IIC-BUS data” 

RESET ile “System reset” 

ADDO Ly “Address selection line” 
ADD1 Le “Address selection line” 
ADD2 fi “Address selection line” 
CLKSHFT OF “Clock to output shift-register” 
CLKSTO O; “Parallel load into output register” 
DATOUT O; “Data to output shift register” 
DATA7 O; “Output data RSFF bit7” 
STO7 O; “Store pulse DATA7 FF” 
OUT7 O; “Enable DATA7 FF data” 
RESOUT O; “Reset output shift register” 
ACKNOW 0; “Acknowledge data” 
STATEST O; “Reset start and stop FF” 
@GROUPS 

@TRUTHTABLE 

@LOGIC EQUATIONS 

CLK . OE = CLKEN : 

RC .OE = CLK*CLKEN; 

RC = GND ; 

CLK = RC i 

STARTFF.CLK = /SDA : 

STARTFF .D = SCL ; 

STARTFF.RST = STATEST ; 

STOPFF.CLK = SDA ; 

STOPFF .D = SCL ; 

STOPFF.RST = STATEST ; 

SCLFF1.D = SCL : 

SCLFF1.RST = RESET ; 

SCLFF2.D = SCLFF1 ; 

SCLFF2.RST = RESET ; 

SCLH = SCLFF1*/SCLFF2 ; 

SCLL = /SCLFF1*SCLFF2 ; 

DATA7 = ((STO7*SDA)+DATA7*/STO7) ; 
Q0.RST = RESET ; 

Q1.RST = RESET ; 

Q2.RST = RESET ; 

Q3.RST = RESET 

Q4.RST = RESET rs 

Q5.RST = RESET ; 

SDA = GND : 

SDA.OE = ACKNOW =; 

DATOUT = (SDA*/OUT7) + (DATA7*OUT7) ; 
RESOUT = /RESOUTN ; 


Figure 20. Equation Entry File Slave Receiver (1 of 3) 
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@INPUT VECTORS 


@OUTPUT VECTORS 

[CLKSHFT, CLKSTO, RESOUTN, STATEST, STO7, OUT7] 
CLKSHIFT = 
CLKSTOR 
RESO 
STATST 
STASTO7 
OUTBIT7 


OUTCLK7 


ve 


"oe 


es Se 


=e 


=e 


BWW wW www 


=e 


INITL 
INIT 
INIT1 
INIT2 
WAIT 
WAIT1 
ADDBIT6 
ADDBIT5 
ADDBIT4 
ADDBIT3 
ADDBIT2 
ADDBIT1 
ADDBITO 
RWBIT 
WRIDMOD 
ACKBITTR 
TESTSTA 
TESTSTA1 
TESTSTA2 
OUTB7 
CLKB7 
WRID6 
WRID6C 
WRID5 
WRID5C 
WRID4 
WRID4C 
WRID3 
WRID3C 
WRID2 
WRID2C 
WRID1 
WRID1C 
WRIDO 
WRIDOC 


rudkunth bu wt tt 
=e Be Ve Ye Ye Ve We Ye Be Ve Be Vo Ve Veo 


Se 


Se Ve Ve Ye Ye Ye Vo Be Ye Vo Ve Ve Veo 


Se 


al ance ncn an a cn a I a Bn an a na a cn cn cn ce on a a an 


Ne 


@ TRANSITIONS 

WHILE [INITL] 
IF (] [INIT] 

WHILE [INIT] 
IF (] [INIT1] 

WHILE [INIT1] [RESO] 
IF (] [INIT2] 

WHILE [INIT2] [CLKSTOR] 
IF (] [WAIT] 

WHILE [WAIT] [STATST] 
IF [STARTFF] [WAIT1] 

WHILE ([WAIT1] [STATST] 
IF (] [ADDBIT6] 

WHILE  [ADDBIT6] 
IF [SCLH*SDA] [WAIT] 
IF [SCLH*/SDA] [ADDBIT5] 
[ADDBIT5] 
IF [SCLH*/SDA] [WAIT] 
IF [SCLH*SDA] [ADDBIT4] 


Figure 20. Equation Entry File Slave Receiver (2 of 3) 
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[ADDBIT4] 

IF [SCLH*SDA] THEN [WAIT] 

IF [SCLH*/SDA] THEN [ADDBIT3] 
[ADDBIT3] 

IF [SCLH*SDA] THEN [WAIT] 

IF [SCLH*/SDA] THEN [ADDBIT2] 
[ADDBIT2] 

IF [SCLH*/ ( (SDA*ADD2) +(/SDA*/ADD2) ) ] 
IF [SCLH* ( (SDA*ADD2) + (/SDA*/ADD2) ) ] 
[ADDBIT1] 

IF [SCLH*/ ((SDA*ADD1) +(/SDA*/ADD1) ) ] 
IF [SCLH* ( (SDA*ADD1) + (/SDA*/ADD1) ) ] 
[ADDBITO] 

IF [SCLH*/ ( (SDA*ADDO) +(/SDA*/ADDO) ) ] 
IF [SCLH* ( (SDA*ADDO) + (/SDA*/ADDO) ) ] 
[RWBIT] 

IF [SCLH*/SDA] THEN [WRIDMOD] 
IF [SCLH*SDA] THEN [WAIT] 
[WRIDMOD] 

IF [SCLL] THEN [ACKBITTR] 
[ACKBITTR] 

IF [SCLL] THEN [TESTSTA] 
[TESTSTA] 

IF [SCLH] [TESTSTA1] 
[TESTSTA1] 

IF (] [TESTSTA2] 
[TESTSTA2] 

IF [STARTFF ] [INIT2] 

IF [STOPFF] [INIT2] 

IF [SCLL] [OUTB7] 
[OUTB7] 

IF (] [CLKB7] 
[CLKB7] 

IF (] [WRID6] 
[WRID6] 

IF [SCLH] [WRID6C] 
[WRID6C] 

IF (] [WRID5] 
[WRID5] 

IF [SCLH] [WRID5C] 
[WRID5C] 

IF (] [WRID4] 
[WRID4] 

IF [SCLH] [WRID4C] 
[WRID4C] 

IF (] [WRID3] 
[WRID3] 

IF [SCLH] [WRID3C] 
[WRID3C] 

IF (] [WRID2] 
[WRID2] 

IF [SCLH] [WRID2C] 
[WRID2C] 

IF (] [WRID1] 
[WRID1] 

IF [SCLH] [WRID1C] 
[WRID1C] 

IF (] [WRIDO] 
[WRIDO] 

IF [SCLH] [WRIDOC] 
[WRIDOC] 

IF (] [WRIDMOD ] 


[WAIT] 
[ADDBIT1] 


[WAIT] 
[ADDBITO] 


[WAIT] 
[RWBIT] 


[ACKNOW] 
[STATST] 
[STASTO7] 


[STATST] 


[OUTBIT7] 


[OUTCLK7] 


[CLKSHIFT] 


[CLKSHIFT] 


[CLKSHIFT] 


[CLKSHIFT] 


[CLKSHIFT] 


[CLKSHIFT] 


[CLKSHIFT] 


Figure 20. Equation Entry File Slave Receiver (3 of 3) 
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KREKKEKKKKKEKEKEKRKEKKEKEEKKEKEKKEKKKKKKKKKKKKKKKKKKKK 


Simulation Control Language File 


Project ; Ire 
Function : IIC-bus Slave Receiver 


File Name 
Design file 
Pin File 


IICRECEI .SCL 
IICRECEI .EQN 
IICRECEI .PIN 


Date : March 1993 

Designer : Aloys Schator}j 
Company : Philips Semiconductors 
Department : PCALE 

Place : Eindhoven 

Country : The Netherlands 


+ + + + + HF F HF HF HF HF FH HH HH H 
* + + + + + + + + + HF HF HF HH FH 


KEKKKKKKKKEKKEKKKKKKKEKEEKKKKKEKKEKKEKEKEKKKKKKKKKKKKKEK 


P CLK, RESET, SCL, SDA, DATOUT, CLKSHFT, CLKSTO, RESOUT, ACKNOW, 

# STATEST, DATA7, OUT7, STO7, STARTFF, STOPFF, Q0, Q1, 92, 93, 04, Q5, 
# RC, CLKEN, ADDO, ADD1, ADD2, VCC 

* SCLH, SCLL, 

PCO 

*k*k TInitialisation *** 

BUSI SDA 

BUSI CLK 

BUSO RC 

S 0O (50, 100, ETC)CLK 

S 0 (75)RESET 

S 0 (500, 1000, ETC)SCL 
ST 1 (VCC) 

ST 1 (SDA) 

ST (CLKEN) 

ST 001 (ADD2, ADD1, ADDO) 
SU TIME = 1225 


xxx Generate start condition *** 
ST 1 (SDA) 

SU TIME = *+500 

ST O (SDA) 

SU TIME = *+500 


**x* receive device address with write (01000010) *** 
ST 0 (SDA) 

SU TIME = *+1000 
ST 1 (SDA) 

SU TIME = *+1000 
ST 0 (SDA) 

SU TIME = *+4000 
ST 1 (SDA) 

SU TIME = *+1000 
ST 0 (SDA) 

SU TIME = *+1000 


*** Generate acknowledge from slave *** 
BUSO SDA 
SU TIME = *+1000 


*x*xkx Receive 8 bits data word 11111111 *** 
BUSI SDA 

ST 1 (SDA) 

SU TIME = *+8000 


*** Generate acknowledge from slave *** 
BUSO SDA 
SU TIME = *+1000 


Figure 21. .SCL file slave receiver (1 of 3) 
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*k* Receive 8 bits data word 11001100 *** 
BUSI SDA 

ST 1 (SDA) 

SU TIME = *+2000 

ST 0 (SDA) 

SU TIME = *+2000 

ST 1 (SDA) 

SU TIME = *+2000 

ST 0 (SDA) 

SU TIME = *+2000 


xxx Generate acknowledge from slave *** 
BUSO SDA 
SU TIME = *+1000 


*xkxk Receive 8 bits data word 01110001 *** 
BUSI SDA 

ST O (SDA) 

SU TIME = *+1000 

ST 1 (SDA) 

SU TIME = *+3000 

ST 0 (SDA) 

SU TIME = *+3000 

ST 1 (SDA) 

SU TIME = *+1000 


xxx Generate acknowledge from slave *** 
BUSO SDA 
SU TIME = *+1000 


xxx Generate new start condition *** 
BUSI SDA 

ST 1 (SDA) 

SU TIME = *+500 

ST O (SDA) 

SU TIME = *+500 


xx*x** receive device address with read (01000011) *** 
ST O (SDA) 

SU TIME = *+1000 

ST 1 (SDA) 

SU TIME = *+1000 

ST O (SDA) 

SU TIME = *+4000 

ST 1 (SDA) 

SU TIME = *+2000 


Wait for new start condition *** 
SU TIME = *+3000 


Generate new start condition *** 
ST 1 (SDA) 
SU TIME = *+500 
ST O (SDA) 
SU TIME = *+500 


receive device address with write (01000010) *** 
ST O (SDA) 
SU TIME = *+1000 
ST 1 (SDA) 
SU TIME = *+1000 
ST O (SDA) 
SU TIME = *+4000 
ST 1 (SDA) 
SU TIME = *+1000 
ST O (SDA) 
SU TIME = *+1000 


*x*x* Generate acknowledge from slave *** 
BUSO SDA 
SU TIME = *+1000 


Figure 21. .SCL File Slave Receiver (2 of 3) 
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Generate stop condition *** 
O (SDA) 
TIME = *+500 
1 (SDA) 
TIME = *+500 
Wait for new start condition *** 
TIME = *+3000 
Generate new start condition *** 
1 (SDA) 
TIME = *+500 
0 (SDA) 
TIME = *+500 
receive wrong device address (0110000). 
O (SDA) 
TIME = *+1000 
1 (SDA) 
TIME = *+2000 
0 (SDA) 
TIME = *+6000 
*x*kk Test internal clock *** 
BUSO CLK, RC 
ST 1 (CLK) 
ST 1 (CLKEN) 
SU TIME = *+ 1000 
F 


kkk 


Figure 21. .SCL File Slave Receiver (3 of 3) 
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Pinning File 


Project : TIC 
Function : IIC-bus Slave Receiver 


File Name 
Design file 
Pin File 


IICRECETI.SCL 
IICRECEI .EQN 
IICRECEI .PIN 


Date : March 1993 

Designer : Aloys Schatorje 
Company : Philips Semiconductors 
Department : PCALE 

Place : Eindhoven 

Country : The Netherlands 


* 
* 
*x 
* 
* 
* 
* 
* 
* 
* 
* 
*x 
* 
* 
* 
* 
* 


+ + + + + + + + F HF F HF HF OF HF HF F 


KKKKKKKKKEKEKKKEKKEEKEKEEEKKEKKEKEKKEKKEKKEKKKKKKKKKKKKK 


”- 


Device =C42VA12 
Pin2 =RESET 
Pin3 =ADDO 
Pin4 =ADD1 
Pin5 =ADD2 
Pin8 =CLKEN 
Pin9 =SCL 
Pinlo =SDA 
Pinll =CLKSHFT 
Pinl4 =CLK 
Pinl5 =RC 
Pinl6 =DATOUT 
Pinl7 =CLKSTO 
Pinl8 =RESOUT 
Pinl9 =ACKNOW 
Pin20 =OUT7 
Pin21 =DATA7 
Pin22 =STATEST 
Pin23 =STO7 


Figure 22. .PIN File Slave Receiver 
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INTRODUCTION 

There are currently numerous integrated 
circuits available for data communication. 
They are mostly of a high complexity and 
their functionality covers nearly all 
requirements for the development of new 
telecommunication equipment. However, in 
many cases, the highly specialized 
communication ICs do not cover the intended 
product function exactly, and a few, 
sometimes simple functions remain to be 
realized seperately. Those extra parts of the 
electronics design can often be satisfied by 
the use of programmable logic circuits,a fact, 
that shall be demonstrated by this application 
note. 


In order to complete the prototype of a new 
system board for data transmission, a small 
controller unit needed to be designed. The 
functions of this controller is to monitor an 
incoming serial stream of data bits, indicating 
certain commands at fixed positions within 
this bitstream, and to control an output data 
line in response to these commands. 


SPECIFICATION OF THE 
CONTROLLER FUNCTION 


The first function in this controller is that of 
monitoring an incoming stream of data bits. A 
general overview of the construction and 
timing relations of the serial bitstream and 
associated input control signals is shown in 


Figure 1. The understanding of this structure 
is most important for the specification of the 
controller design. The serial stream of data 
bits (via SDI — Serial Data In) is synchronous 
to the clock signal DCL and one data bit has 
the length of two clock cycles. The bit stream 
itself is subdivided into single data words of 
32 Bits, whereas the beginning and the length 
of each data word is indicated by the frame 
signal FSC. 


Given this structure, the first task of the 
controller is to synchronize itself on the data 
frame and to isolate the data bits number 
27...30. These are the so called command 
indication bits (C/l - Command Indication in 
Figure 1) serving for the link and network 
control between the communicating stations. 


The internal function of the desired controller 
is to evaluate the C/I-Bits and to send the 
appropriate response on the output data 
stream. The complete sequence of 
commands during a transmission session is 
shown in Figure 2, illustrating the order of 
incoming commands and corresponding 
output bit pattern. Accordingly to this 
graphical specification the controller has to 
detect the two commands PU (Power Up) 
and DR (Deactivate Request), and on the 
output side, it has to drive the line SDO 
(Serial Data Out) in dependence on these 
commands. 


Basically SDO has a constant level ‘Low’ 
after the activation of a communication 


EXTERNAL ACTIVATION OF A TRANSMISSION SESSION 


ONE DATA FRAME 


EXTERNAL CLOCK BECOMES ACTIVE AFTER THE HL-EDGE OF SDO 


PERIOD OF ONE DATA BIT = 2 CLOCK CYCLES 


CONFIRMATION ACTIVATION 


session. But if the input command PU is 
recognized, the controller shall send a 
respond command ARN (Active Request 
None Loop) within the following data frames 
and at the same bit position as the incoming 
C/l-Bits. The command ARN on the line SDO 
is to send till the command DR is detected at 
the input side. The command DR marks the 
end of a communication session and one 
Frame after its detection the line SDO is to 
switch to the deactive signal level (‘High’) as 
it is shown in Figure 2. 


Beside the elementary fuctionality, some 
additional constraints need to be observed. 
First, it should be considered, that the 
complete design needs to have an 
asynchronous part. During the period of no 
communication, no frame and no clock signal 
is attached at the inputs and the initial 
change of the line Start demands an 
immediate acknowledgment before the clock 
becomes externally activated. So, the 
synchronous mode of operation is to extend 
with an asynchronous design part. The 
second constraint was the demand that the 
incoming data are to read with the HL-edge of 
the second clock cycle (see Figure 1), while a 
signal change of the output line is to initiate 
synchronous with the LH-edge of the system 
clock. This requirement assures the correct 
recognition of the incoming data also for long 
distance transmissions with slow rising signal 
edges, but therefore the design needs to 
work with two active clock edges. 


READ C/-BITO 
READ C/|-BIT3 


COMMAND 
INDICATION 
BITS 


Figure 1. General Structure of the Data Frame and Basic Timing Relations 
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FUNCTIONAL DESIGN 


DESCRIPTION 


Figure 3 shows a possible approach for the 
realization of the specified controller function. 
This block structure contains a cyclic 
6-Bit-Counter clocked with DCL and 
synchronized on the frame signal FSC. 
Refering to the counter value it is possible to 
determine the position of Command-Bits 
within input bitstream and so the decoder 
block ‘Cl_Decod’ can derive the appropriate 
control signals for Read- and Write-Cycles of 
Data. The signal Cl controls the second 
essential module, the shift register, via its 
Enable-Input. The 4-Bit Shift-Register has to 
read the four Command Bits from the serial 
bitstream and the following Decoder 
‘Com_Decod' has just to indicate the two 
relevant commands, ‘PU’ and ‘DR’. Finally, 
the real controller is contained within the 
block ‘Control’. There a finite state machine 
evaluates the ‘PU’ and ‘DR’ signals after a 
new command was read and in 
correspondence to the actual section of a 
transmission session the appropriate bit 
pattern for the output will be generated. 


Using this global design description, all 
constraints can be satisfied easily while 
realizing the complete controller function. 
First, the shift-register and the 
Controller-module can be clocked with the 
inverted and noninverted DCL-pulse and so 
different clock edges are taken for the Read- 
and Write- Cycle of Data Bits. Furthermore, 
the asynchronous initialization of the 
controller is accomplished by the 
Reset-Inputs of the internal Flip-Flop’s and 
the combinatorial output decoder. Finally the 
clear structure of the design guarantees the 


COUNTE6BIT 


FSC 


CLK(C) 


RST(R) 


SHIFTREG COM_DECOD 


SHENABLE 


DATAIN 
CLK(C) 
RST(R) 


complete testability of its circuit 
implementation. 


While a functional specification of each block 
in this initial design description can easily be 
created, the final design implementation 
leads to serious problems. Due to its 
structure the design requires a sequencer 
component with one or more combinatorial 
outputs, and the presence of sequential 
blocks with two different clocks needs a 
circuit that fit this condition too. Additionally, 
the complete design requires a minimum of 
thirteen internal Flip-Flop’s. If these three 
constraints are taken together an appropriate 
component can hardly be found. Simple 
PLDs cannot contain so much multilevel 
logic. Complex PLDs turned out to be too 
expensive for this application. So, a different 
design approach was indicated for this 
design. The schematic-like block structure 
was given up for a more abstract, but also 
compact design description. 


DESIGN IMPLEMENTATION 


Since the original design couldn’t be directly 
implemented in a simple PLD, a complete 
revision of its structure had to be carried out. 
The resulting description file is to see in 
Figure 4, now given as an abstract HDL-file. 
The essential advantage of this design 
description consists of the facts that abstract 
descriptions are favorable for all kinds of 
automatic optimization, and that they can 
easily be adapted to several hardware 
architectures. 


Several changes were made within the 
design description. First, the counter and the 
control unit are now merged into one state 


Cl_DECOD 


BIT3 
BIT2 
BIT1 
BITO 


CONTROL 


CIEND 


DAT3(Q) p 
DAT2(Q) 
DAT1(Q) 
DATO(Q) 


CISTART 


machine. In doing so, an initial concept was 
given up. Instead of counting through the 
whole data frame, the sequencer waits just 
for the rising and the falling clock edges of 
the frame signal. So only the second part of a 
data frame needs to be evaluated and the 
state machine counts only the steps up to the 
beginning of the C/I-Bits. Furthermore, some 
FF’s of the shift register are now used twice. 
While reading the C/I-Bits from the incoming 
bitstream they have their original function, but 
during the rest of time they serve as flags. So 
one FF stores the information about a 
detected DR-command, while another FF 
helps to evaluate a frame signal edge timing. 
Here the feature of two different clock pulses 
is taken in order to achieve a save mode of 
operation. All in all the design function is now 
given in a much more compact description 
and the abstract description style allows its 
easy mapping onto different device 
architectures. So finally a PLC42VA12 was 
found to be a suitable circuit for the design's 
realization. 


In spite of its general fitting, a successful 
implementation of the design requires design 
optimization. An optimal state assignment for 
the included state machine description as 
well as a final boolean minimization are 
absolutely necessary for the design 
compilation and Figure 5 shows the optimized 
version, which can now be compiled directly. 
Figure 7 gives a corresponding Pinning for 
the PLC42VA12 and Figure 6 shows a 
simulation output resulted from the 
implemented circuit model. This part of the 
simulation represents the beginning of a 
communication session from the initialisation 
via the Start-signal up to the first 
acknowledgement (ARN) on output SDO. 


OUT _DECOD 


SDO1(M) 
CLOCK(C) 
RESET(R) 


Figure 3. Block Structure of the Controller Design 
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@PINLIST 


Start I 

FSC I 

DCL x 

SDI < 

SDO oO; 

@LOGIC EQUATIONS 

” Shift-Enable Signal defines the Time Slots to read the Command Bits ” 


ShEnable = Q4 * Q3 * Q2 * /Q1l * /Q0 
+ Q4 * /Q3 * Q2 * /Q1 * QO 

+ Q4 * /Q3 * Q2 * Q1 * /Q0 

+ QO4 * /Q3 * /Q2 * Q1 * QO ; 


” DR and PU mark the corresponding Commands decoded from the Shift Register ” 
DR = /DataBit3 * /DataBit2 * /DataBitl * /DataBitO ; 

PU = /DataBit3 * DataBit2 * DataBitl * DataBitO ; 

“ Shift Register - SHIFT operation only when Enable, else HOLD ” 


DataBitO. / DCL: 
DataBitO. / Start ; 
DataBitO. ShEnable * SDI ; 
DataBitO. ShEnable * / SDI 
+ QO4 * /Q3 * /Q2 * /Ql * QO ; 


DataBitl. f/f DCL : 
DataBitl. / Start ; 
DataBitl. ShEnable * DataBit0O ; 
DataBitl. ShEnable * / DataBitO 
+ QO4 * /Q3 * /Q2 * /Q1 * QO ; 


”“ DataBit2 serves also for the Detection of a new Frame Phase 


DataBit2.CLK / DCL ; 
DataBit2.RST / Start ; 
DataBit2.J = ShEnable * DataBitl 
+ /Q4 * /Q3 * /Q2 * /Ql * /QO * FSC ; 
DataBit2.K = ShEnable * / DataBitl 
+ /Q4 * /Q3 * /Q2 * /Ql * QO * /FSC 
+ Q4 * /Q3 * /Q2 * /Q1l * QO ; 


” DataBit3 serves also as Flag for a detected DR-Command 


DataBit3 .CLK / DCL ; 
DataBit3.RST / Start ; 
DataBit3.J = ShEnable * DataBit2 
+ 04 * /93 * /Q2 * /Q1l * QO * DR ; 
DataBit3.K = ShEnable * / DataBit2 
+ 04 * /Q3 * /Q2 * /Ql * QO * /DR ; 


” The Flag PU stores the switches at the first occurence of the Command PU 


a”, 


DCL + 

/ Start ; 

Q4 * /Q3 * /Q2 * Ql * QO * PU ; 
0; 


PU_Flag. 
PU_Flag.RST 
PU Flag. 
PU Flag. 


Q4.CLK DCL ; 
Q4.RST / Start 


Q3 .CLK DCL: ; 
Q3.RST / Start 


Q2 .CLK DCL ; 
Q2.RST / Start 


Q1.CLK DCL ; 
Q1.RST / Start 


Q0 .CLK DCL ; 
Q0.RST / Start 


Figure 4. Complete HDL-Description for the Controller (1 of 3) 
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” Finally the Output Signal 


SDO = Start 
+ Q4 * Q3 * Q2 * /Q1 * PU Flag 
+ Q4 * /Q3 * /Q2 * /Ql * /Q0 ; 


@INPUT VECTORS 
[ DataBit3, DataBit2 ] 


FSC Flag 
NFSC_Flag 
DR_Flag 

NDR_Flag 


@OUTPUT VECTORS 


B; 
B; 
B; 
B 


, 


@STATE VECTORS 
[ Q4, Q3, Q2, Ql, Q0 ] JKFFR 


”r 


state assignment with One Bit Changes for a Minimum of Logic ” 


Wait on _FSC = 00000 B; 

Wait _on_NFSC 00001 B; 

” Stepl = 00011 B; to much ” 
Step2 00010 
Step3 00110 
Step4 00111 
Step5 00101 
Step6 00100 
Step7 01100 
Step8 01101 
Step9 01111 
Step10 01110 
Stepll 01010 
Step12 01011 
Step13 01001 
Step14 01000 
Step15 11000 
Step16 11001 
Step17 11011 
Step18 11010 
Stepl19 11110 
Step20 pis Bs Be Be 
DatBitl 0 11101 
DatBitl 1 11100 
DatBit2_0 10100 
DatBit2 1 10101 
DatBit3 0 10111 
DatBit3 1 10110 
DatBit4 0 10010 
DatBit4 1 10011 
End_ Cycle 10001 
End = 10000 


@TRANSITIONS 


tou 
Ne Nig Se Ne Ve Ve Fe Ne Ve Ve Ve Ve Va Vo Vo Ve 


‘e 


— 
— 
— 
— 
— 


iouu wou ow 
AG Ds Ne De Be SNe We Ba Re 


‘ee 


DWWWDWdWdWdddddowD od od ood 


“e 


WHILE [ Wait on FSC ] 
IF [ FSC_Flag ] THEN [ Wait _on_NFSC ] 
”“ else remain in this state ” 
Wait _on_NFSC ] 
IF [ NFSC Flag ] THEN [ Step2 ] 
{ Stepl ] “ 
IF [] THEN [ Step2 ] ” 


Step2 ] 
IF [] THEN [ Step3 ] 


Step3 ] 
IF [] THEN [ Step4 ] 


Step4 ] 
IF [] THEN [ Step5 ] 


Figure 4. Complete HDL-Description for the Controller (2 of 3) 
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Step5 ] 
IF [] THEN 


Step6 ] 
IF [] THEN 


Step7 ] 
IF [] THEN 


Steps ]j 
IF [] THEN 


Step9 ] 
IF [] THEN 


Stepl0 ] 
IF [] THEN 


Stepll ] 
IF [] THEN 


Stepl2 ] 
IF [] THEN 


Stepl3 ] 
IF [] THEN 


Stepl14 ] 
IF [] THEN 


Step15 ] 
IF [] THEN 


Stepl6é ] 
IF [] THEN 


Stepl7 ] 
IF [] THEN 


Step18 ] 
IF [] THEN 


Stepl9 ] 
IF [] THEN 


Step20 ] 


IF [ DR_Flag ] THEN [ End ] 
IF [ NDR_Flag ] THEN [ DatBitl_0 ] 


DatBitl 0 ] 


Step6 ] 


Step7 ] 


Steps ] 


Step9 ] 


Stepl0 ] 


Stepll 


Step12 


Step13 


Step14 


Step15 


Steplé 


Step17 


Step18 


Step19 


Step20 


IF [] THEN [ DatBitl 1 ] 


DatBitl 1 ] 


IF [] THEN [ 


DatBit2 0 ] 


IF [] THEN [ 


DatBit2 1 ] 


IF [] THEN [ 


DatBit3 0 ] 


IF [] THEN [ 


DatBit3 1 J 


IF [] THEN [ 


DatBit4 0 ] 


IF [] THEN [ 


DatBit4 1 ] 


IF [] THEN [ 


End _ Cycle ] 


IF [] THEN [ 


End ] 


IF [] THEN [ 


DatBit2_0 ] 
DatBit2 1 ] 
DatBit3 0 ] 
DatBit3 1 ] 
DatBit4 0 ] 
DatBit4 1 ] 


End Cycle ] 


Wait _on_FSC ] 


End ]j 


Figure 4. Complete HDL-Description for the Controller (3 of 3) 


715 


ANO37 


Philips Semiconductors Programmable Logic Devices Application Note 


ISDN peripheral control ANO37 


@PINLIST 


Start 
FSC 
DCL 
SDI 


SDO 0 ; 
@LOGIC EQUATIONS 
” Shift-Enable Signal defines the Time Slots to read the Command Bits ” 


ShEnable = Q4 * 93 * Q2 * /Ql1 * /Q0 
+ Q4 * /Q3 * QO2 * /Ql * QO 

+ Q4 * /Q3 * Q2 * Q1 * /Q0 

+ O4 * /Q5 = G2 * 01 * GO ; 


”“ DR and PU mark the corresponding Commands decoded from the Shift Register ” 
DR /DataBit3 * /DataBit2 * /DataBitl * /DataBito ; 

PU /DataBit3 * DataBit2 * DataBitl * DataBitO ; 

” Shift Register - SHIFT operation only when Enable, else HOLD ” 


DataBitO.CLK = / DCL ; 
DataBitO.RST = / Start ; 
DataBitO.J = ShEnable * SDI ; 
DataBitO.K = ShEnable * / SDI 
+ Q4 * /Q3 * /Q2 * /Q1 * QO ; 


DataBit1l.CLK = / DCL ; 
DataBit1l.RST = / Start 
DataBitl.J = * /Q3 
/Q3 
/Q3 
/Q3 


*x 
* 
* 
* /93 
*x 
* 


Q2 * /Q1 * QO * DataBito 
Q2 * Ql * /QO * DataBito 
/Q2 * Ql * QO * DataBito ; 
DataBitl1.K = Q2 * /Q1 * QO * /DataBito 
Q2 * Ql * /QO * /DataBito 
/Q3 /Q2 * Ql * QO * /DataBito 


/Q3 /Q2 * /Ql * QO ; 
“ DataBit2 serves also for the Detection of a new Frame Phase 


DataBit2.CLK = / DCL ; 

DataBit2.RST J Start : 

DataBit2.J = Q4 * /Q3 * Q2 * Ql * /QO * DataBitl 
+ Q4 * /Q3 * /Q2 * Ql * QO * DataBitl 
+ /Q4 * /Q3 * /Q2 * /Ql * /QO * FSC ; 

DataBit2.K = Q4 * /Q3 * Q2 * Ql * /QO * /DataBitl 
+ Q4 * /Q3 * /Q2 * Ql * QO * /DataBitl 
+ /Q4 * /Q3 * /Q2 * /Ql1 * QO * /FSC 
+ Q4 * /Q3 * /Q2 * /Q1l * QO ; 


” DataBit3 serves also as Flag for a detected DR-Command 


+ + + + % HF Bre 


DataBit3.CLK DCL: 3 
DataBit3.RST Start ; 
DataBit3.J = Q4 * /Q3 * /Q2 * Ql * QO * DataBit2 
+ Q4 * /Q3 * /Q2 * /Q1l * QO * DR ; 
DataBit3.K = Q4 * /Q3 * /Q2 * Ql * QO * / DataBit2 
+ 04 * /Q3 * /Q2 * /Ql1 * QO * /DR ; 


” The Flag PU stores the switches at the first occurence of the Command PU ” 


PU Flag. DCL ; 

PU Flag.RST / Start ; 

PU Flag. QO4 * /Q3 * /Q2 * Ql * QO * PU ; 
PU Flag. 0; 


AG 


Q4.CLK 
Q4.RST 
QO4.7T 
Q4.K 


DCL ; 

/ Start ; 

/Q4 * Q3 * /Q2 * /Ql * /QO ; 
Q4 * /Q3 * /Q2 * /Q1 * QO ; 


Figure 5. HDL-Description for the Final Design Implementation (1 of 2) 
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DCL ; 

/ Start =: 

/Q4 * /Q3 * Q2 * /Ql * /QO ; 

Q4 * O3 * QO2 * Q1 * QO * Databit3 
+ Q4 * Q3 * O2 * /Ql * /QO ; 


DCL ; 
/ Start ; 
/Q4 * /Q3 * /Q2 * Q1 * /QO0 
+ 04 * 93 * /Q2 * Q1 * /QO ; 
/Q4 * Q3 * Q2 * Q1 * /Q0 
+ QO4 * 93 * QO2 * Q1 * QO * DataBit3 
+ O4 * /Q3 * Q2 * G1 * /QO ; 


DCL ; 

/ Start ; 
/Q4 * /Q3 * /Q2 * /Ql1 * QO * /Databit2 
/Q4 * Q3 * Q2 * /Q1 * QO 
Q4 * 93 * /Q2 * /Q1 * QO 
Qo4 * /Q3 * Q2 * /Q1 * QO ; 
/Q4 * /Q3 * Q2 * Q1 * QO 

+ /Q4 * Q3 * /Q2 * Ql * QO 

+ 94 * O63 * O02 * O1 * QO 

+ /Q4 * /Q3 * /Q2 * Ql * QO 

+ 04 * /Q3 * /Q2 * Q1 * QO ; 


DCL ; 
/ Start ;: 
/Q4 * /Q3 * /Q2 * /Ql * /QO * DataBit2 
/Q4 * /Q3 * Q2 * Ql * /Q0 

/Q4 * Q3 * Q2 * /Ql * /Q0 

/Q4 * Q3 * /Q2 * Ql * /Q0 

04 * 93 * /QO2 * /Q1 * /Q0 

Q4 * Q3 * Q2 * Ql * /Q0 

Q4 * /Q3 * Q2 * /Ql * /Q0 

Q4 * /Q3 * /Q2 * Ql * /QO ; 

/Q4 * /Q3 * /Q2 * /Ql * QO * /DataBit2 
/Q4 * /Q3 * Q2 * /Q1 * QO 

/Q4 * Q3 * Q2 * Q1 * QO 

/Q4 * QO3 * /Q2 * /Q1 * QO 

Q4 * 93 * /Q2 * Q1 * QO 

Q4 * O3 * O2 * Ql * QO * DataBit3 

Qo4 * Q3 * Q2 * /Ql * QO 

04 * /Q3 * O2 * Q1 * OO 

Q4 * /Q3 * /Q2 * /Ql * QO ; 


++eteteetst 


” Finally the Output Signal - 


SDO = 


Start 


+ 04 * Q3 * Q2 * /Ql * PU Flag 
+ O4 * /Q3 * (O2 * /Q1 * /Q0 ; 
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Figure 5. HDL-Description for the Final Design Implementation (2 of 2) 
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DATABITS 
DATABIT2 
DATABIT1 
DATABITO 


PU_FLAG 


Figure 6. Simulator Output of the Modeled Circuit Implementation 


C42VA12 


DCL 
START 
FSC 
SDI 
SDO 


Device 


Pinl 
Pin2 
Pin3 
Pin4 
Pinl4 


Figure 7. Pinlist for the 
Controller Implementation 
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KEKKKKKKKEEEKEKEKKEKEEKEKKEKKKEKEKKKEKKEKKKKEEKKKKKKKEKK 


- Output of Updsim Version 1.85 * 


* Date: 02/04/93 Time: 13:56:28 * 
KKK I TI KKK I HK KKK IKK KKK KKK KK KIKI KK AK KIRK 


* 
* Input File Name 


* 


: APPNOTE3 .net * 


* Output File Name : APPNOTE3.SCL * 


* 


* 


KEKKKKKEKKKEKKEEKKKEEKEKKKEKKEKEKEKKEKEKEKKEKKEKKKKKKKKKKKKKKE 


* 


P START, FSC, DCL, SDI, PU Flag, DataBit3, DataBit2, DataBitl, DataBit0O, 


500 ) START 

1000, 33000, 65000, 

500, 1000, etc) DCL 

55000, 61000, 117000, 
= 300000 


SUMMARY 

The example of the developed controller has 
shown that even relative complex designs 
can be realized with quite small PLDs. 
Especially if sequential control functions or 
irregular logic is to be implemented. 
Hardware programmable logic ICs are often 
the most suitable solution and sometimes the 
use of PLDs can simplify the development of 
new boards and systems significantly. 
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97000, 


119000, 


129000, 161000, 


121000, 123000 ) SDI 


Figure 8. SCL 


In addition, the example also illustrates the 
great effect, which can be achieved by certain 
design styles and by an appropriate 
optimization of designs. An initial design 
description has an essential influence on the 
final network and its implementation and so it 
affects the requirements for a component as 
well as the whole projects costs. By 
optimization a designer can reduce the 
amount of gates for a certain design too, 
leading to a much more efficient use of the 
given components. 
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PLD programmable retriggerable one-shot 


FEATURES 
®@ Programmable pulse-width/delay 


® Maximum 256 clock cycles 

®@ Asynchronous TRIGGER input 

® Active-High and Active-Low outputs 
® Asynchronous RESET 

®@ 20-pin package 


THEORY OF OPERATION 

The one-shot consists of a PLC42VA12 and 
an external clock which may be part of the 
system in which this one-shot is to work. As 
shown in Figures 1 and 3 the PLD is 
configured to have a latch and an eight-bit 
binary up counter which is presettable by 
input data to any number less than 256. 
Since the input data is inverted before it is 
loaded into the registers, counting from the 


SYSTEM CLK 
RESET 
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complements of the input to FF will give the 
correct number of counts as counting from 
the input down to 00. 


Pulse-width/delay inputs may be the outputs 
of another device or switches. When /RESET 
goes Low, flip-flops are set to all 1’s (terms 
PB, PA, and PMO). At the rising edge of the 
next clock, data is latched into the registers 
(terms LB, LA, and LMO). When /TRIG goes 
Low, it is latched into the input latch formed 
by term #0, 1, 2 and 13. The output O1 of 
the latch goes High and O2 goes Low which 
enables the 8-bit counting cycle. The O1 and 
/O1 will maintain their output levels until the 
end of the counting cycle at which time the 
counter reaches the count FF, resets the 
latch by term # 13, and sets O2 High. At the 
rising edge of the next clock, terms LA, LB, 
and LMO cause data to be loaded again into 
the registers, and the device is ready for 
another /TRIG input. The output waveforms 
are illustrated in Figure 2. 


Figure 1. Programmable Retriggerable One-Shot 
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If the /TRIG pulse-width is longer than the 
desired pulse-width of the one-shot, the 
device will react as mentioned above, and at 
the end of the count cycle new data will be 
loaded, another count cycle begins while the 
outputs remain set by the /TRIG input without 
changing throughout the change-over of one 
count cycle to another. Ola, on the other 
hand, will go Low for one clock period at the 
change-over. As long as the /TRIG is Low, 
O1a will continue to pulse Low for one clock 
period at the change-over of one count cycle 
to another. The output O2 will pulse High for 
one clock cycle at the change-over. Figure 2 
illustrates output wave-forms for both cases. 
The output wave-forms are as illustrated in 
Figure 2. 


The one-shot is implemented by 
programming the PLC42VA12 as shown by 
the SNAP listing in Figures 3 and 4. 
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wo I LLL, ULL LLL 


oie E aie es wane 


| 
> CGUNT GYCLE 


RETRIGGER MODE 


| 
}~«—_—_—_—_—_—— COUNT CYCLE ——————» }<——_—— COUNT CYCLE ————-+| 


— 


Programmable One-Shot 


Figure 2. Timing Diagram of Programmable Retriggerable One-Shot 
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KKKKKKKKKKEKKKKKKKKEKKEKKEKKEKEKKEKEKEKEKEKKKKEKKKEKKEKKKKKKKEKEK 


= PLC42VA12 24-Pin DIP Package Pin Layout = 
* Date: 08/10/93 Time: 13:02:11 * 


KAKKKKKKEKKEKEKKEKKKKEKKEKEKKEKEKEKKEKKKEKEKKKEKEKKKEKKEKKEKKEKKKEKKEKKEK 


| \ / | 

| | 
1|I0/CLK vcc | 24] 
2}I1 M9 | 23] 
3}12 M8 | 22] 
4|13 M7 | 21] 
5|14 M6 | 20] 
6|1I5 M5/19] 
7|I6 M4/18] 
817 M3 |17] 
9|18 M2]16] 
[10]BO M1/15] 
[11|B1 MO} 14] 
[12|GND 19/0E_|13] 

| | 


-—_Oo Cee eo 


Figure 3. Pin Layout 


This design is for a PLC42VA12 device. 

A similar type of function may be programmed into 

any of the PLS155/7/9A type devices. These devices 
contain a flip-flop preload function which may be 
controlled by input pins and TTL voltage levels or 

by feedback into the array from the flip-flops outputs. 


This one-shot loads the data at the INFO-INF7 

input pins into the counter at the end of the clock 
cycle (O02 = HIGH). If TRIG input is LOW longer than 
the count cycle, output O1A will go LOW for one 

clock period and will go HIGH again for another count 
cycle. Outputs NOl and Ol stay LOW and HIGH 
respectively until TRIG goes HIGH and the count 

cycle is completed without interruption. 


@pinlist 


clk 
reset 
trig 

inf [7..0] 
ol 

o2 

nol 

ola 


(nol+/trig) ; 
/ (nol+/trig) ; 
L; 
/ ((£7*£6*£5*£4*£3*£2*£1*f0) 
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“use register preload feature” 


temp[15..0] .ld 
temp14 


(£7*£6*£L5*£4*£3*f£2*£1*£0) ; 
inf7; 
finttT: 
inf6; 
/inf6; 
inf5; 
/inf5; 
inf4; 
/inf4; 
inf3; 
/inf3; 
inf2; 
Jinf2- 


“The counter is constructed using the toggle feature of 

JK flip-flops. Both J and K are connected to the same 
product term so only eight product erms are required to 
implement this counter. The ’+tempXX’ input does not require 
a product term in the 42VA12 or PLS155/7/9A type devices 

due to the wire-or register preloading feature. This 

feature is controlled internally in the device by the 

LA and LB product terms. SNAP automatically uses these 
control terms to implement the preload. 


f0.j ( (nol*reset) 
+temp1) ; 

£0. ( (nol*reset) 
+temp0) ; 

po ( (no1l*f£0*reset) 
+temp3) ; 

pe ( (no1*£0*reset) 
+temp2) ; 

£2..4 ((nol*f£1*£0*reset) 
+temp5) ; 

£2 « ( (nol*£1*f£0*reset) 
+temp4) ; 

£3.79 ( (nol*£2*f1*f0*reset) 
+temp7) ; 

£3. ( (nol*£2*f£1*f0*reset) 
+temp6) ; 

£4.34 ( (no1l*£3*f2*f£1*£0*reset) 
+temp9) ; 

£4. ( (nol*£3*£2*f1*f£0*reset) 
+temp8) ; 

£5.) ((nol*£4*£3*f£2*f£1*f£0* reset) 
+teml11); 

£5. ((nol*£4*£3*f£2*f1*£0* reset) 
+tem10) ; 

£6.43 ((nol*£5*£4*£3*f2*f1*f0* reset) 
+tem13) ; 

£6. ( (nol*£5*f£4*£3*f2*f1*£0*reset) 
+teml12) ; 

:y ((nol*f£6*£5*£4*£3*£2*f1*f0*reset) 
+tem15) ; 

Ets ((nol*f£6*£5*£4*f3*£f2*f1*f0* reset) 
+teml14) ; 


£[(7..0) .clk clk; 
£[7..0].set reset; 


Figure 4. SNAP Listing (2 of 2) 
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INTRODUCTION TO 
PROGRAMMABLE MACRO 


LOGIC DESIGN CONCEPTS 
Programmable Macro Logic (PML), an 
extension of the Programmable Logic Array 
(PLA) concept combines a programming or 
fuse array with an array of wide input NAND 
gates wherein each gate folds back upon 
itself and all other such NAND gates. This is 
called a foldback NAND structure and its 
basic elements have been outlined previously 
(Cavlan', Wong?2, Gheissari and Safari®). 


The choice of an internal NAND logic cell is 
appropriate because the cell is functionally 
complete, requiring but a single cell type to 
generate any Boolean function. A cell within 
the PLHS501 may be configured to 
accommodate from one to 32 inputs from the 
outside world, and up to 72 inputs from within 
the chip. Because the user can select either 
direct or inverted input variables, and either a 
direct or complemented output, the NAND 
function can generate, with a single pass 
through the programming array, the basic four 
logic functions of AND, OR, NAND, NOR. all 
these basic functions, can be extremely wide, 
of course (see Figure 1). This convenient 
structure allows efficient exploitation of all 
widely used minimization techniques 
(Karnaugh Maps, Quine-McClusky, Boolean 
Algebra, etc.). 


The obvious extensions to additional 
combinational functions for decoding, 
multiplexing and general Boolean functions is 
straightforward. Adding feedback to the 
system expands the range of realizable 
functions to include sequential as well as 
combinational functions. Figure 2 illustrates 
the basic arrangement of the PLHS501. 


ees | 
INPUT 
SECTION 


NAND ARRAY 


Because of the large number of inputs each 
NAND gate has available, logic functions that 
require several levels of conventional 4 or 8 
input gates may be able to be reduced to 1 or 
2 levels. However, it is important to realize 
that unlike AND-OR PLD architectures, more 
than 2 levels of logic may be implemented in 
the PLHS501 without wasting output or input 
pins. Up to 72 levels of logic may be 
implemented due to each of the 72 foldback 
NAND gates. 


So far, the concept of a “macro” is still not 
evident. Two ways for the generation of a 
macro exist—namely, hard and soft. 
Borrowing from the concept in computer 
programming wherein a section of code 
(called a macro) is repeated every time its 
use is required, we can establish 
subfunctions which can be repeated each 
time required. The user defined or soft macro 
can be one which will generate a function by 
fused interconnect. When a fixed design 
function is provided, it is a hard macro. This 
may be an optimized structure like a flip-flop 
or an adder, or some other function which is 
generated on the foundation, by the 
manufacturer. Soft macros are seldom 
optimized or precisely consistent, but hard 
macros are both optimized and unalterable. 


When a user function for a particular use is 
isolated, defined and repetition of the function 
is required, special software constructs are 
provided which will allow it to be defined at a 
higher performance and functional density, 
and an array of choices which contain 
optimized functions or hard macros will be 
offered in successor chips. In particular, the 
PML2552 and PML2852 include an array of 
flip-flops for state machine design. 


OUTPUT 
SECTION 


Figure 1. PML Basic Functions 
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Optimizing combinational functions in PML 
consists largely in making choices and 
trade-offs. For single output logic functions, 
the choice is obvious from the truth table. If a 
particular function's truth table has fewer 
entries that are logical zeroes than logical 
ones, product of sums should be chosen and 
the appropriate OR-AND structure generated. 
Otherwise, the usual sum of products should 
be chosen, minimizing as usual, before 
dropping into the two level AND-OR structure 
(using the NAND-NAND realization). 
Combining the availability of inversion at the 
input and output of the chip, the 
NAND-NAND structure can perform either the 
OR-AND or the AND-OR rendition of a 
function with equal logic levels. The designer 
needs only to choose the optimal rendition to 
suit his needs (see Table 1). Truth tables with 
50% ones can use either version at the 
designers whim unless other uses arise. 


PERFORMANCE 

The PLHS501 (Figure 2) is a high speed, 
oxide isolated, vertically fused PML device 
containing 72 internal NAND functions which 
are combined with 24 dedicated outputs. A 
large collection of applications, both 
combinational and sequential, may be 
configured using this part which looks roughly 
like a small, user definable gate array. For the 
sake of clarity, worst case passing a signal 
from an input, making one pass through the 
NAND array (output terms) and exiting an 
output takes around 25 nanoseconds with 
each incremental pass through the NAND 
foldback array taking about 8 nanoseconds. 


Philips Semiconductors Programmable Logic Devices 


Designing with programmable macro logic 
Table 1. Example Demonstration 


F1 (A, B, C) = ABC + ABT + ABC + ABC + ABC 


The optimal choice would be to generate 


the zero entries 


=- =—- =- = © O OC OC; Pp 
=- =- Oo oOo = = Oo 01/18 
- Oo - oO + 0+ O;/O0 


If we group on the one entries we shall get: AB +BC + BC 


COST = 4 INTERNAL GATES 
AND 9 INPUTS 


A 

A 
ae 
ml 
| 


INPUTS NAND ARRAY OUTPUT 


If we group on the zero entries we get instead: F, = (B + C) (A + B + C) 


F, (A, B, C) 


COST = 3 INTERNAL GATES 
AND 7 INPUTS 


INPUTS NAND ARRAY OUTPUT 
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INPUT BUFFERS 
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The data sheet first lists some maximum 
propagation delays from an input, through a 
NAND output term and out through various 
output gates. Secondly, it lists maximum 
propagation delays from an input, through a 
NAND foldback term, through a NAND output 
term and out through the different output 
gates. 


PLHS501 TIMING 


tpp 


°o 


INPUT 71 
BUFFERS 


It is intriguing that subtracting one from the 
other yields a NAND foldback gate delay of 5 
to 6ns when the worst case gate delay of an 
internal foldback gate is listed as 8ns. This is 
due to the fact that a gate has less of a delay 
when its output is falling (tpy,_) than when its 
output is rising (tp_y). When passing a signal 
through two NAND gates one gate will have 


Seenus 


NOTE: 
tpp = 22ns maximum. 
Input Buffer + 1 NAND gate + Output Buffer (O, /O,B). 
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Figure 3. tpp -22ns Maximum 
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less of a delay than the other, and since the 
individual rise and fall delays are not 
specified, this causes the apparent 
discrepancy between the two delays. 


Figure 3, Figure 4, Figure 5 and Figure 6 
show graphically the timing paths listed in the 
PLHS501 data sheet. 
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PLHS501 TIMING (Continued) 
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30ns maximum. 


Input Buffer + 2 NAND gates + XOR gate + Output Buffer 


NOTE: 
‘pp = 
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PLHS501 TIMING (Continued) 
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Figure 5. tpp -25ns Maximum 
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NAND GATE FLIP-FLOPS 

Various types of flip-flops and latches may be 
constructed using the NAND gate building 
blocks of the PLHS501. A typical 7474 type 
of edge-triggered D flip-flop requires 6 NAND 
gates as shown in Figure 7. 


No additional gates are required to implement 
asynchronous set and reset functions to the 
flip-flop. The equations necessary for SNAP 
to implement the D flip-flop are shown in 
Figure 8. However, please note that the 
equations of Figure 8 define a D flip-flop 
configured as a divide by 2 (i.e., QN is 
connected to the data input) whereas 

Figure 7 shows a general case. Also note 
that flip-flops with some additional features 
may be constructed without using more than 
the six NAND gates. This is possible because 
of the large number of inputs associated with 
each NAND gate. For instance, a flip-flop 
may be required to have a clock gated by one 
or more signals. Using the PLHS501, it may 


be implemented by adding additional input 
signal names to NAND gate equations of 
gates #2 and #3 of Figure 7. If the data input 
is to the AND of several signals, extra inputs 
to NAND gate #4 may be used. Or if 
additional set or reset lines are required, they 
may be added simply by using more of the 
inputs of each NAND gate connected to the 
main set or reset. 


Figure 10 shows two simulations of the same 
flip-flop. The first one is at a little less than 
maximum frequency, for clarity in following 
the waveforms, and the second is at the 
maximum toggling frequency. For these 
simulations each NAND gate has a maximum 
tpy_ Or tpLy of 8ns (which is the gate delay of 
a NAND gate in the PLHS501's foldback 
array). First of all, it can be seen from these 
simulations that for proper simulation or 
testing of such a device a set or reset input is 
mandatory. Both Q and QN outputs are 
unknown not matter what the inputs do, until 


Figure 7. Edge-Triggered D Flip-Flop 


they are put into a known state by either a set 
or reset input. Secondly, various timing 
parameters such as propagation delay, as 
well as setup and hold times may be 
determined. 


Therefore, performance of the flip-flop 
depends a great deal on which gates in the 
PLHS501 are used, either NAND gates in the 
foldback array or output NAND gates, 
connected to bidirectional pins. As a test of 
the simulation, a D flip-flop connected as a 
divide by 2 was constructed using only the 
foldback NAND terms (see Figure 8). An 
output NAND terms was used to invert the 
QN output and drive an output buffer. The 
only inputs were the clock and a reset. The 
data input to the flop was driven internally by 
the QN output. According to the simulation, it 
was possible to drive the clock at a frequency 
of 25MHz and this small circuit also 
functioned at that frequency. 
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- PLHS501 52-Pin PLCC Package Pin Layout * 
* Date: 10/13/93 Times 16342:21 * 


KKK KKK KKK KKK KKK KKK KKK KKK KKK KEK KK KK KKK KKK KKK KKK KKK KKK KK 


| 1515151414141 


+-+-+-+-+4-+4+-+-4-4 
| 
12}1/2]1/019/8|7) 
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rst i: 

out oO; 

@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 


Flop.cik = elk; 
flop.d /£lop; 
flop.rst rst; 
out flop; 


@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRANSITIONS 


Figure 8. SNAP Listing 
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PLHS501 

7766666666665555555555444444444 43333333333222222222211111111110000000000 
109876543210987654321098765432109876543210987654321098765432109876543210 
ITILTIIIIIIIIIIIIIIIIIIIIBBBBBBBB 

22221111111111000000000000000000 

32109876543210987654321076543210 


RESETN 
CLOCK 
DATA 


Figure 10. Waveforms of Test Flip-Flop 
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FUNCTIONAL FIT 

In the late 1960's and early 1970’s designers 
used SSI, MSI and small amounts of early 
LSI to generate logic solutions. Frustrated by 
the lack of wide input gates to accommodate 
a lot of product terms for two level solutions, 
they turned toward the budding ROM and 
PROM products. These devices relied on 
literally realizing a function by generating its 
truth table in silicon. The logic function had to 
have each logical one and zero realized 
distinctly as an entry for a particular 
combinaticn of input variables, usually 
supplied on the address lines of the memory. 
Observing that many such truth tables were 
dense in ones or zeroes and sparse in the 
remainder, a cadre of initial manufacturers 
emerged with focus on supplying a 
programmable product with a few AND gates 
and OR gates which were versatile enough to 
compete against the ROM/PROM parts. The 
gimmick supplied these PLA manufacturers 
was to illustrate the functional equivalency of 
the PLA to the PROM by comparing the 
number of product terms (to be shortened to 
“p-terms”) the PLA supplied and comparing 
this to the width and depth of available 
PROMs. P-terms became the “currency” of 
the PLA world and a designer only had to 
assess the equivalent number of Boolean 
product terms required by his function to 
determine whether a particular PLA was a 
suitable candidate for his design. 


Almost in parallel, gate arrays became 
available. These provided an array of 
identical, fixed input gates (usually two input 
NANDs or NORs). These were generated in 
a regular fashion on substrate which has a 
fixed input/output pin arrangement. Also 
recognizing that all logic functions could be 
built from the appropriate two input gate, 
when interconnected correctly, manufacturers 
offered these devices to customers who 
required increased density. 
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The designer's responsibility was to generate 
what would ultimately be a metal interconnect 
pattern of his design. Special tools were 
required to allow an untrained system 
designer to do this successfully. Flop-flops, 
decoders, registers, adders, etc., could all be 
generated from the low level gate building 
blocks. 


The currency of gate arrays became known 
as gate equivalent functions. That is with 
limited number of available gates on a 
substrate, the user needed to know precisely 
how many gates were used up, on a function 
by function basis, to generate each piece of 
his design. A D flip-flop requires about six 
gates, a D latch four, a 3 to 8 decoder takes 
about 14 gates and so forth. This allowed 
estimation regarding whether the function 
could conceivable be fit onto a particular 
substrate or not. Manufacturers had to offer 
multiple foundations to that a designer could 
be assured that his design would result in a 
working IC. 


The classic method of estimating whether a 
logic function would fit into a PLA was to 
determine the number of I/O pads required 
and the number of product terms required to 
generate the logical function, then select the 
PLA. For a gate array, the required measure 
included the I/O pad arrangement but 
substituted the number of available gates to 
generate the logical function (usually by table 
lookup). In an attempt to reconcile the two 
measures, Hartman‘ has evolved a formula 
for his product line. A calculation using this 
method and developing an appropriate 
“exchange rate: is shown in Table 2 for the 
PLHS501 and PLHS502. An alternate 
method of generating an estimate is to 
consider the gate equivalent of generating, 
say for the PLHS501, a gate equivalent of the 
part in an optimistic functional configuration 
(72 occurrences of a 32 input NAND gate). 
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Figure 11 shows how this will result in over 
2000 equivalent gates. Conversely, by 
stacking the NAND gates into D flip-flops, its 
least efficient function, the PLHS501 will have 
a gate equivalent of only about 100 gates. 


The most rational method of assessing fit is 
to isolate functions and identify the correct 
configuration in terms of gates, to allow direct 
tally of the gates used, to generate the 
proposed configuration. Table 3 may assist in 
doing this analysis. Note that all basic gates 
require precisely one gate to generate the 
function. Also note the occurrence of 
functions in the table which could never be 
generated as standard ICs previously. The 
procedure is to tally the design against a total 
budget of 72 multiple input NAND gates. 


Table 3 is illustrative only, and should by no 
means be taken as complete. It may be 
simply expanded by designing the proposed 
function with disregard to the usual 
restrictions on the number of inputs to a gate, 
realize the function as one, two, three, or 
more levels of interconnected logic and count 
the number of gate occurrences required. 
Special software has been provided to allow 
pyramided logic structures to be generated 
under the designer's control. These 
structures may, however, be no deeper than 
72 levels for the PLHS501. Functions should 
be generated in accord with the guidelines 
mentioned before, for selecting an optimal 2 
level logical solution. 


It is an interesting observation that 
manufacturers of gate arrays and standard 
cell products which offer embedded PROMs, 
ROMs or RAMs have not successfully 
described these embedded functions in terms 
of equivalent gates, but rather resort to other 
means (such as divulging their relative area 
with respect to the area of a basic gate). 
There is, as yet, no standard in this arena. 
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Table 2. Equivalency Ratio 


Hartman’s method is based on a CMOS gate array equivalency wherein 4 transistors 
constitute a 2 input NAND or NOR gate, equal to one gate. Thus, his “exchange rate” 
is as follows: 


E.R.= 4x # inputs 
+9 x # FFs 
+7 x # 3-State outputs 
+(15 to 30) x # OR outputs from the AND/OR array. 


For the PLHS501: (using CMOS numbers which may be inappropriate) 


E.R.= 4x32 
+9 x0 
+7 x 24 
+(15 to 30) x 50% of 72 feedbacks = 836 to 1376 gates 


Being for two bipolar ICs, in this case, the method may be inappropriate, 
but may be taken as an estimating procedure. 
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NOTE: 
Double this and add one for a 32 input NAND. 


Figure 11. 16 Input NAND Formed from 2 Input Gates 
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Table 3. PLHS501 Gate Count Equivalents 


INTERNAL 
FUNCTION NAND EQUVAL- COMMENTS 
ENT 


Gates 


For 1 to 32 input variables 
For 1 to 32 input variables 
For 1 to 32 input variables 
For 1 to 32 input variables 


Inverted inputs available 
Inverted inputs available 


Inverted inputs available (24 chip outputs 
only) 


Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels 


Inverted inputs, 2 logic levels, 
factored solution. 


Multiplexers 


Inverted inputs available 


Can address only 27 external inputs - 
more if internal 


D-type Flip-Flop With asynchronous S-R 
T-type Flip-Flop With asynchronous S-R 


J-K-type With asynchronous S-R 
Flip-Flop 


Adders 


Full carry-lookahead (four levels of logic) 


2 levels of logic 
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SUMMARY 

The evolution of Programmable Logic 
Devices (PLD’s) has led to the birth of a new 
generation of programmable devices 
designated as PML (Programmable Macro 
Logic). The immense versatility of these 
devices brings them closer as plausible 
alternatives to semicustom design 
approaches in low-to-medium ranges of 
applications. The following paper gives a 
description of all three PML devices, the 
PLHS501, PML2552, and the PML2852. In 
addition, some basic design tips and 
techniques for PML devices are presented. 


THE EMERGENCE OF THE 
THIRD GENERATION 


PLD ARCHITECTURE 

PML was introduced at WESCON '85 by 
Philips Semiconductors Corporation. The 
unique architecture of PML breaks away into 
a new era of programmable logic devices. 
The purpose of the PML architecture is to 
overcome the two level AND-OR bottleneck 
and provide the user with a higher level of 
logic integration. Current PLD's rely on two 
levels of logic transformation to implement 
combinational logic in Sum-Of-Products 
(SOP) form. In addition, various PLD’s make 
use of higher level macros such as flip-flops 
to form sequential logic functions. These 
macros connect the AND-OR chain to 
dedicated I/O pins. 


Figure 1 show the basic architecture of one of 
the most recent PAL@® devices. It is clear that 
this architecture is inefficient in making full 
use of the available on-chip resources. This 

is due to the fact that an unused I/O macro 
will be wasted and remains futile. 


®@PAL is a registered trademark of Advanced Micro Devices, Inc. 
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For example, if an I/O pin is used as an input, 
the output macros are all wasted. Obviously, 
such an architecture cannot provide the user 
with an increase in the levels of logic 
integration. The PML device takes advantage 
of the fundamental architecture shown in 
Figure 2 to overcome these deficiencies and 
waste of on-chip resources. As shown in 
Figure 2, PML incorporates the NAND-NAND 
gate equivalence to break the AND-OR 
bottleneck. 


Application Note 
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The core of the PML is the programmable 
NAND-NAND network which connects the 
input and output macros to each other. Thus 
the inputs, outputs, and function macros are 
all connected by a single array. | 


The first device is the PLHS501. The 
seemingly simple structure of this device can 
implement every logic function furnished by 
the current PAL/PLA devices. Although the 
PLHS501 is principally a combinational logic 
device, its unique architecture makes it an 
ideal tool for applications involving 
asynchronous state machines (See 
Reference 2). 


AND-OR CHAIN 
AND OUTPUT MACRO 


Figure 1. One of the Latest Registered PALs 
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Function )-| | | | | 


Figure 2. PML Fundamental Architecture 
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THE PLHS501 intricate logic functions can be implemented been impressed in the PLHS501, the wide 
The PLHS501 architecture in Figure 3 without wasting valuable I/O pins. For input NAND gates. Figure 4 shows just how 
exhibits an exquisite logic tool. The device example, in order to implement an internal wide the internal NANDs are, from a logical 
provides a combination of 72 NAND terms, ‘RS’ latch in a combinational PAL/PLD, at viewpoint. Each NAND can accommodate up 
24 dedicated inputs (10-123), eight least two inputs and two outputs are required. _ to 32 external inputs and 72 internal inputs. 
bidirectional I/O's (BO-B7), eight The same internal latch can be configured by —_ Hence the part is ideal for wide decoding of 
exclusive-OR outputs (XO-X7), and eight the PLHS501 without using any I/O pins. 32-bit address and data busses. With 72 
dedicated outputs (00-07). The shorthand notation of Figure 3 hides GOpIss STG Wie NAND, tieIPLreee! ts 

: often compared against low-end gate arrays. 
Since the output of each NAND term feeds something with which many designers have 


back to the inputs of the NAND array, 


24 
DEDICATED 
INPUTS 


16 
DEDICATED 
OUTPUTS 


Figure 3. PLHS501 Functional Block Diagram 
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LATCHES 


Figure 5 illustrates how ‘RS’ and ‘D’ latches 
are implemented in the PLHS501. 


Figure 4. An Internal NAND Logic Equivalent 


input C_} s @ ——(] output 


input L_.+— R o ——L_] outrur 


a. RS Latch 


INPUT L_#—— pb 


input L_}— LE 


b. D Latch 


Figure 5. R/S and D Latch Implementation with PML 
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Flip-Flop Merging 

Figure 6a shows the positive edge triggered 
D flip-flop structure. By putting a two-level 
AND/OR structure in front of the data input, 
the D flip-flop can be steered from state to 
state. 


Figure 6b shows such an input structure 
realized from a two-level NAND gate section. 


Figure 6c shows this “AND-OR” structure 
rolled inside of the flip-flop. The gating was 
merged with the flip-flop inwards to make a 
faster, composite function. Whereas this may 
appear as a trick to the uninitiated, this 
degree of flexibility allowed gate array 
designers to merge a multitude of logic into a 


DATA [_> 


fixed foundation. For highest efficiency, 
similar thinking allows the designer to break 
up decoders and multiplexers into their 
building blocks and generate only the pieces 
needed. 


PLHS501 DESIGN EXAMPLE 

The following example intends to manifest 
the capabilities of the PLHS501. Figure 7 
shows a system formed with TTL logic. The 
system requirements make it imperative only 
to use discrete asynchronous latches. Thus, 
none of the 7 latches in the system can be 
directly replaced by registers. The system is 


Figure 6a. Positive Edge Triggered 


D-Flip-Flop with Reset and Set 


partitioned into two PLS173s and one 
PLS153. The specified PLD’s are labeled with 
the same labels as those on the system 
schematic (Figure 7). Figure 8 shows the 
overall system implemented with PLDs. The 
logic condensation capabilities of PML makes 
it feasible to replace the whole system by a 
single PLHS501 (Figure 9). The PLHS501 in 
this design will still have ample space for any 
future additions. 


The above example demonstrates only part 
of the PLHS501 capabilities. The introduction 
of PML devices and their immense logic 
power will pave the way for a new generation 
of efficient and elegant systems. 


Figure 6c. As Above, with Integral AND-OR Input Function 
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Figure 6. Flip-Flop Merging 
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Figure 7. System Implemented with TTL Logic 
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Figure 8. System in Figure 7 Implemented with PLDs 


June 1988 743 


Philips Semiconductors Programmable Logic Devices Application Note 


Programmable macro logic primer ANO029 


fe) 
Ef 
| 


Figure 9. System in Figure 7 Implemented with PLHS501 
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THE PML2552 

The PML2582 is the first CMOS PML part. 
Using an EPROM process, the PML2552 is a 
dense, fast multilevel PLD capable of making 
multiple independent state machines in a 
single part. The PML2552 has been 
optimized for handling data within the part 
and is ideal for making bus controllers and 
other microprocessor peripherals. Useful 
PML2552 applications areas include DMA 
controllers, DRAM controllers, Video memory 
controllers, FAX machines, hand held 
instruments, laser printers, digital and 
telecommunications. 


The PML2552 combines 96 foldback NAND 
gates with 52 flip-flops in a 68 pin package. 
See the block diagram in Figure 10. 


Foldback NAND gates are the easiest to use 
programmable elements. Because any 
function can be built from NAND gates, they 
have no inherent logic limitation. Foldback 
gates permit free connection of any gates in 
the foldback region. This allows designers to 
make any number of logic levels necessary to 
solve problems. Usually, the design software 
flattens the logic to exploit the wide inputs of 
these gates, but the designer easily 
maintains full control. 


The choice of flip-flops has been done 
judiciously optimizing two 8 bit data paths 
within the part. Two groups of D flip-flops are 
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assigned to input pins, and two groups of D 
flip-flops are associated with output pins. The 
latter group may also be buried. Additionally, 
two groups of 10 JK flip-flops are buried for 
building efficient counters, shifters and other 
state machines. JK flip-flops require very little 
additional gating circuitry to make state 
machines. 


Figure 11 shows a more detailed diagram of 
the PML2552, with the internal cell names 
broken out according to the conventions used 
with Philips Semiconductors SNAP software. 
An important point should be made with 
Figure 11 regarding internal timing 
specifications. Each cell shown in Figure 11 
has been specified as if it were a gate array 
type cell. These specifications include the cell 
time delay (min,typ,max) and how the time 
delay increases with incremental loading. The 
details of the time delays are shown in the 
data sheet. The exact same values are 
automatically included in the simulation 
model which SNAP makes after a design 
compiles into the PML2552. 


THE PML2852 

Figure 10 shows a block diagram of the 
PML2852. The PML2852 is similar to the 
PML2552 except it has an additional 16 
outputs. The 3-State control structure for pins 
1/O0 — 1/015 was changed from independent 
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control to two 8-bit groups in the PML2852. 
All chip resources connect through the 
central array. It is possible to form logic 
functions of up to 96 levels by passing input 
signals repetitively through the 96 foldback 
NAND gates. Folded architectures permit free 
internal connection of buried gates and 
flip-flops. It is also possible to form logic 
functions from input to output in a single 
NAND level. Two groups of 10 buried JK 
flip-flops are within the programming array, 
along with two groups of 8 D flip-flops. 
Additional input flip-flops are available at the 
device pins. Several clocking options are 
available for the different flip-flop groups. 

The PML2852 has 84 pins. The PML2852 
and PML25582 both are available in 
reprogrammable and one time programmable 
packages. 


Typical propagation delays for the internal 
NAND gates are 15 nanoseconds. Flip-flop 
toggle rates are at 50 MHz, with some JK 
based counters operating at that rate. 


The basic architectural rationale is to use the 
input D flip-flops to capture data. Then, the 
buried D flip-flops pipeline data and the JK 
flip-flops form counters, timers and control 
flip-flops. Of course, the JKs may act as shift 
registers as can the buried D flip-flops. Using 
D flip-flops for counter design is discouraged, 
but allowed. A wide class of data oriented 
applications fit this architecture well. 


Philips Semiconductors Programmable Logic Devices Application Note 


Programmable macro logic primer ANO29 


16 
INPUT 
D FLIP-FLOPS 
& 


13 DEDICATED 


16 OUTPUT 
D FLIP-FLOPS 


me-OoOreerwoao0ows 


FOLDED 
NAND 
ARRAY 


I 

N 
T 
E 
R 
Cc 
1°) 
N 
N 
E 
Cc 
T 


24 
BI-DIRECTIONAL 
Os 


10 
JK FLIP-FLOPS 
WITH 
COMMON 
CLK 


46 DEDICATED | 
OUTPUTS 


10 
JK FLIP-FLOPS 
WITH 


DISTINCT 
CLKS PML2852 only 


Figure 10. PML2552/PML2852 Functional Block Diagram 
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Figure 11. SNAP PML2552 Resource Summary Designations 


June 1988 747 


Philips Semiconductors Programmable Logic Devices 


Application Note 


Programmable macro logic primer 


ANO29 


TESTABILITY 

Deep nesting of the buried flip-flops makes 
testability an important issue. Both 
controllability and observability of the 
flip-flops would be jeopardized if they were 
not scan chain configurable. By asserting the 
Scan Mode pin, the buried flip-flops form a 
large, multiplexed shift register (Figure 12). 
The shifter is controllable and observable. 
Parallel output of the most significant 16 bits 
of the shifter goes to the outside world. 
Alternatively, multiple PML2852s or 
PML2552s can cascade if correctly 
connected. 
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POWER DISSIPATION 

All EE and EPROM based PLDs contain an 
NMOS core. An external CMOS image 
occurs because the I/O pads are CMOS. To 
improve on the power consumption, two 
techniques have evolved. One technique, 
input transition detection, automatically 
reduces power consumption by sensing input 
pin activity. The other technique uses a 
special power down pin. The power down pin 
blocks current flow into the chip core, 
reducing power consumption. The PML2552 
and PML2852 use a power down pin. Power 
down presents the problem of maintaining the 
internal device state during power transition. 
Internal node conditions automatically latch 
when power down occurs, and restore upon 
power up. Full power consumption is 525 mW 
at maximum speed. In low power mode, this 
drops to one tenth that value. 
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DESIGN SOFTWARE 

To support PML, a gate array style software 
package, called SNAP, is available from 
Philips. SNAP contains resources for 
equation and schematic capture 
(incorporating OrCcAD™ SDT and 
FutureNet™ DASH). SNAP includes a 
proprietary simulator and logic compilers for 
the entire Philips Semiconductors PLD family. 
The compilers use netlist synthesis and 
netlist optimization methods, and ultimately 
compile to JEDEC fusemap formats. A logic 
netlist model, including all internal node 
delays, is derived automatically from the 
JEDEC format. The derived model permits 
accurate device simulation. 


(COMMON CLOCK (CKE1) 


FOR ALL FLIP-FLOPS WHEN IN SCAN 


MODE) 


Figure 12. SCAN Mode Operation Flip-Flop Chain 
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Targeting a PML2552/2852 Design 
Key to a successful design is recognizing an 
appropriate mapping of internal resources to 
a specific design. The designer should think 
of JK flip-flops for counters and state 
machines, maximizing efficiency. As well, the 
input D flip-flops should be aimed at handling 
byte wide data applied to the input pins. The 
buried D flip-flops can be thought of as a 
natural landing place for output data, 
internally buffered data, shift registers, or 
simple state machines. Care should be taken 
to assign external clocks to the appropriate 
pins of the PML2552 or PML2852, because 
specific pins are dedicated as clock inputs to 
the internal flip-flops. SNAP may sometimes 
be used with automatic pinning mode, but 
this is often less than optimal. 


By careful use of key flip-flop properties, a 
design can be easily forced to land in specific 
internal flip-flops. Remember, the 
PML2552/2852 has input D flip-flops, output 
D flip-flops, JK flip-flops with independent 
resets and JK flip-flops with independent 
sets. As an example, if a JK flip-flop equation 
is written, and its asynchronous set input is to 
a logical 1, then SNAP assumes that the JK 
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flip-flop is to be one which has an 
asynchronous set and assigns it accordingly. 
On the other hand, if the asynchronous reset 
is referred to, SNAP will map this to a JK 
flip-flop with an asynchronous reset input. It's 
usually that simple. If the designer uses a 
flip-flop which is not an available PML 
resource, SNAP will build it out of NAND 
gates in the foldback array. This is usually 
found during the compile phase when the 
resource summary exceeds the available 
foldback gates and the expected flip-flops go 
unused. 


The most straightforward design method is 
simple incremental compiling. Incremental 
compiling is the logical approach to use with 
PML. Incremental compiling is simply taking a 
small piece of a design, capturing it (either 
equations or schematic) and compiling it into 
the part. During the compilation process, a 
small table is displayed showing the current 
usage of internal PML 2552 resources. 
Figure 13 shows such a small resource table. 
At this point, when the resources are 
examined, each cell should be accounted for. 
If not, there is either something wrong or the 
designer has misunderstood the part or the 


Device PML2552 


mapping process. When the resource is 
correctly mapped, it shows up in the table 
with the right tally. If not, the netlist may need 
examination. 


By going incrementally, designs will progress 
systematically with only small surprises along 
the way. Usually, the surprises are that the 
design took fewer resources than expected. 
This is because the PML architecture is 
almost fully connectible, and SNAP optimizer 
is focused on flattening the design (for speed) 
to maximize wide internal gate usage. 


As a suggestion, one very appropriate design 
method is to layout the data paths first, 
compile the design, then when everything fits 
appropriately, design in the control sections. 
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Figure 13. PML2552 Resources Summary 
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DESIGN EXAMPLES 

Most designers tend to view a PLD asa 
mechanism for collecting logical glue within a 
system. That is, those pieces which tie 
together the larger LSI microprocessors, 
controllers, RAMs, ROMs, UARTs, etc. 
However, there is a tendency of viewing a 
gate array as an entire system on a chip. 
PML based products will fit well in either 
casting as will be demonstrated by a series of 
small but straightforward examples. For 
starters, we shall examine how the fusing 
process embeds function, progress to 
glue-like decoding operations and finally 
demonstrate some coprocessor like functions 
as well as homemade “standard products”. 


1 OF 8 DECODER/DEMULITPLEXER 


N * 
* BNN * CNN * 


The method of associating gates within the 
NAND foldback structure is depicted in 
Figure 1 wherein a simple three to eight 
decoder is fused into the array. The 
corresponding inputs are on the left and 
outputs at the top. This figure shows inputs 
and their inverse formed in the array resulting 
in a solution that requires 6 inverting NANDs 
that would probably be best generated at the 
input receivers. Hence, this diagram could be 
trimmed by six gates, down to eight to 
achieve the function. Figure 2 shows two 
consecutive D flip-flop fusing images. Note 
that asynchronous sets and resets may be 
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achieved for free, in this version. In both 
Figures 1 and 2 the gates are numbered ina 
one-to-one arrangement. As well, the 
accompanying equations are in the format 
used by Philips SNAP design software. For 
clarity, consider the gate labeled 2A in 
Figure 1. Schematically, this is shown as a 

3 input NAND. However, in the fused 
depiction, it combines from three intermediate 
output points with the dot intersect 
designation. Hence, all gates are drawn as 
single input NANDs whose inputs span the 
complete NAND gate foldback structure. 


Figure 1. Decoder Implementation in NAND Foldback Structure 
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@LOGIC EQUATION 

DAl = / (DN1 * SN1); 
SN1 = / (DA * CLOCK1) 
RN1 = / (SN1 * CLOCK1 * 
DN1 = / (DATA1 * RN1); 
Ql = / (SN1 * QN1); 

QN1 = / (RN1 * Ql); 


DA2 = / (DN2 * SN2); 

SN2 = / (DA2 * CLOCK2) 

RN2 = / (SN2 * CLOCK2 * DN2); 
DN2 = / (DATA2 * 


QN2 = / (RN2 * 


Figure 2. Two Flip-Flops Implemented in the NAND Foldback Strucutre 


One straightforward example of using a As well, the designer could transform the 
PLHS501 is shown in Figure 3. Here, the bidirectionals to inputs and decode over a 32 
device is configured to accept the 23 upper bit space, selecting combinations off of a 32 
address lines generated by a 68000 bit wide address bus. Because this simple 
microprocessor. By selecting the direct and level of design requires only NAND output 
complemented variables, at least 16 distinct terms plus 4 NAND gates in the foldback 
address selections can be made using only array (for inversion of signals connected to 
the dedicated outputs. The designer can 03.00), there may be as many as 68 


combine additional VME bus strobes, or other remaining gates to accomplish additional 
control signals to qualify the decode or, define handshaking or logical operations on the 
8 additional outputs for expanded selection. input variables. 


Figure 3. 68000 Microprocessor 
Address Decode 
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be generated with remaining NAND functions 
to achieve additional arithmetic operations. 
This application should make the reader 
aware of a new class of applications 


data, mirror imaged data (bit reversal) or byte 


swapping to name a few. 


An eight bit barrel shifter exploits most of the 


PLHS501 as depicted in Figure 4. This 


achievable with third generation PLDs - user 


Part of an eight bit, look-ahead parallel adder 
is shown in Figure 5. Gates necessary to 
form the level-O generate and propagate, as 


implementation utilizes all 72 internal 
foldback NANDs in a relatively brute force 
configuration as well as 8 output NANDs to 
generate transparent latched and shifted 


definable I/O coprocessors. The approach of 


well as the XOR output gates generating the 
resulting sum are not shown. The reader 
should be aware that this solution exploits 
four layers of pyramided gates and only 


now within the grasp of user definable single 


increasing microprocessor performance by 
chip solutions. 


designing dedicated task coprocessors is 


by the shift 0, shift 1 and shift 2 inputs which 
are distinguished and selected from the input 


results. The shift position here is generated 
cells. Variations on this idea of data 


utilizes a total of about 58 gates. Additional 
comparison or Boolean operations could still 


manipulation could include direct passing 
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An example of one of the least efficient 
structures realizable on the PLHS501 is 
shown in Figure 6. Here, a cascade of 12 
flip-flops are formed into a toggle chain that 
used all available NAND gates in the main 
logic array. In the PLHS501 simple cross- 
coupled latches or transparent D latches are 
preferred over edge triggered flip-flops simply 
because they conserve NAND gates. 
Applications for structures like this include 
timing generators, rate multiplication, etc. 
Rearranging Figure 6 as a 12-bit shifter, 
picking off states at the output terms could 
result in a general purpose sequence 
recognizer capable of recognizing binary 
string sequences. These strings could be up 
to 13 bits long (in a Mealy configuration) and 
24 distinct sequences could be sensed and 


detected. 
C1 
Figure 7 shows a 32 to 5-bit priority encoder. 


This sort of device could generate encoded 
vector interrupts for 32 contending devices. 
Of particular interest is the fact that ordinary 
encoders are not this wide. The designer is, 
of course, not constrained to generating 
combinational functions in even powers of 
two. Thus, the PLHS501 can easily perform 
customized functions like a 5 to 27 decoder 
or a 14 to 4 encoder or, even an 18 to 7 
multiplexor. For the sake of optimization, the 
designer is encouraged to implement 
precisely the function he needs, no more and 
no less! 


The design examples given are illustrative of 
some typical operations used in ordinary 
systems. In each case, the example could be 
thought of as simply an “off the shelf” 
standard solution to an every day problem 
(i.e., a de facto standard product). 


ipa! 


i>—— 


P1 


Figure 5. Partial NAND Gate Equivalence of the 8-Bit Look-Ahead Adder 
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Figure 6. 12-Bit Ripple Counter 
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Figure 7. Encoder 
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DEVELOPMENT SUPPORT 
SNAP 


Because the architecture encourages deep 
functional nesting, a new support tool has 
been developed. Synthesis, Netlist, Analysis 
and Program (SNAP) software defines a gate 
array type development environment. SNAP 
permits several forms of design capture 
(schematic, Boolean equations, state 
equations, etc.), a gate array simulator with 
back annotation, waveform display and a 
complete fault analyzer and final fusemap 
compilation and model extraction. SNAP 
comes with a library of cells, and designs 
may be captured independently of the 
ultimate device that will implement the 
design. This permits the designer to migrate 
his design among a family of PML devices 
just as gate array designs can be moved to 
larger foundations when they do not route on 
smaller ones. Figure 8 shows the SNAP user 
interface “Shell” which dictates one sequence 
of operations to complete a design. Other 
sequences may be used. 


ScCapture 


MacSel 


Waveforms 


TestVector 


FutureNet and DASH are trademarks of DATA VO 
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NetGen 


SimScl 


The top portion of the shell depicts the paths 
available for design entry. Any design may be 
implemented in any one or a blend of all 
methods. For instance, a shift register might 
best be described schematically but a 
decoder by logic equations. These may be 
united with a multiplexor described by a text 
netlist as well. Ultimately, each form of input 
will be transformed to a function netlist and 
passed either to the simulation section or to 
the compiler section. Waveform entry is for 
simulation stimuli. 


The simulator portion of SNAP is a 5-State 
gate array simulator with full timing 
information, setup and hold time checking, 
toggle and fault grade analysis and the ability 
to display in a wide range of formats, any set 
of nodes within the design. This permits a 
designer to zoom in with a synthetic logic 
state analyzer and view the behavior of any 
point in the design. Simulations can occur 
with unit delays, estimations or exact delays. 
The sequence of operations depicted in 
Figure 8 is entirely arbitrary, as many other 
paths exist. 


Abel2Snap 


It should be noted that the output of the 
“merger” block represents the composite 
design, but as yet is not associated to a PML 
device. This occurs in the compiler portion 
wherein association to the device occurs and 
a fusemap is compiled. This is analogous to 
placement and routing in a gate array 
environment. Because of the inter- 
connectibility of PML, this is not difficult. 
Once compiled, the exact assignment of pins, 
gates and flip-flops is known, so timing 
parameters may be associated and a new 
simulation model generated with exact 
detailed timing embedded. The design may 
be simulated very accurately at this point, 
and if correct, a part should be programmed. 


To facilitate future migration to workstations, 
SNAP has been written largely in C. The 
internal design representation is EDIF 
(Electronic Design Interchange Format) 
compatible which permits straightforward 
porting to many commercially viable 
environments. SNAP currently utilizes OrCAD 
for schematic entry with eminent availability 
of FutureNet™ DASH. 


Minimizer 


DEI 


Use cursor keys to select module 
Use function keys to enter command 


Figure 8. SNAP Shell Design 
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PLHS501 EXAMPLES USING HHH IKKE KEKE KERIKERI KEKE REEEEEREKREKEKKK 


SNAP * PLHS501 52-Pin PLCC Package Pin Layout * 


j j * Date: 10/15/93 Time: 17:32:41 * 
a al HKKKKKKKKKKKR EEE KEKE KEK KERKEKEKEKEKEKKEKEEKEKEK KEKE 


® 12-bit comparator with dual 1 of 8 decoders 
® 8-bit carry look-ahead adder 

@ 32 to 5 priority encoder 

@ 4-bit synchronous counter 

@ VME EPROM interface 

® Microchannel interface 

® NuBus interface 

® Data bus parity generator 


®@ 16-bit comparator 


Following are example applications for the 
PLHS501 using SNAP. They should not be 
viewed as showing all possible capabilities of 
the device. They have been designed to 
demonstrate some of the PLHS501 features, 
syntax of SNAP, and to give the reader some 
ideas for possible circuit implementations. 


Note that these examples were written using 
SNAP Rev. 1.90. Although Philips will try to 
keep succeeding versions of SNAP 
compatible, it may be necessary to change 
some syntax rules. Therefore, please refer to 
your SNAP manual for any notes on 
differences, if using a revision later than 

Rev. 1.90. 


8-BIT BARREL SHIFTER 

This 8-bit shifter will shift to the right, data 
applied to A7 — AQ with the result appearing 
on OUT7 — OUTO. Data may be shifted by 1 
to 7 places by indicating the desired binary 
count on pins SHIFT2 — SHIFTO. Data 
applied to the OUTO position for a shift of 1. 
For a shift of 0, A7 will appear on OUT7. 


Also included is a transparent latch for the 
output bits. The input ‘COMPLMTO' will invert 
all output bits simultaneously and input /OE 
will 3-State all outputs. 


This design was done by using OrCAD's SDT 
with SNAP. The top level drawing is shown in 
Figure 11. The PLHS501 has various output 
structures. For the best fit, it was necessary 
to alter the portion of the schematic 
connecting to pins 15 — 18 compared to pins 
37-40. This is shown in Figures 12 and 13. 
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[20|GND 
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OH RrNwNRON 


12/2/2/2)2)2/2/2/2)/31/3)3|3| 
121213141]5]6171819]0)]1)2]3] 
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Figure 9. Barrel Shifter Pin List 
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VCC | 46] 
I4| 45] 
I3 | 44] 
I2 | 43] 
T1| 42) 
I0| 41) 
/B3 | 40] 
/B2|39] 
/B1|38] 
/B0|37) 
X7|36] 
X6|35] 
GND | 34] 
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COMPLMTO 


aa8ss or 


B8588aas5 Bek ABS&5 Bz 


SHIFT2 
SHIFT1 
SHIFTO 


Figure 11. Barrel Shifter Top Level Drawing 
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Figure 12. Portion of Shifter to Connect to NAND Output Pins 
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Figure 13. Portion of Shifter to Connect to AND Output Pins 
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12-BIT COMPARATOR WITH 


KEKKKEKEKKEEKKEKEKEKKEKEKEKKEKEKKKEKKEKKEKEKEKKKKKKKKKKKKKKKK DUAL 1-OF-8 DECODERS 


* PLHS501 52-Pin PLCC Package Pin Layout * 


* Date: 10/15/93 Time: 17:44:04 * : . 
HICK ICK KEKE HE IKE KEKE KE IE KE TE IE HE KEKE KKK IIIS IAAI KKK KEKE IIH with controlling I/O parts are address 


comparison and address decoding. In this 
example, both functions are programmed into 
a PLHS501 using 52 out of the 72 foldback 
NAND terms. 


The comparator compares 12 bits on inputs 
A11 —A0 to inputs B11 — BO when the input 
‘ENCMP'’ is High. Output ‘CMPOUT’ will 
become Active-Low when all 12 bits of the A 
input match the B. Selection between the two 
decoders is done with input ‘'R/W’. Only one 
VCC | 46] output may be active (Low) at a time. 
I4|45] Although currently separate functions, the 
I3| 44] decoder enable may be derived internally 
T2| 43] from ‘CMPOUT' freeing 2 bidirectional pins 
x1 |42) which together with available foldback NAND 


Pn : 1a) terms, may be used to incorporate a third 


/B2|39] function. 
/B1|38] 
/B0|37] 
X7|36] 
X6|35] 
GND | 34] 


Two functions that are very often associated 


COMPARE CMPOUT 


}21212]2/2[(2]212]21/31313131 
J1/2/3/41/51/6/7/8]/9]/0J1)2]3] 
fotete bated dete tote dati $ 
WWWWWWWRRRRRR 
1234567012345 


ENCOMP 


Figure 14. 12-Bit Comparator Pin List 


DCDREN 


Figure 15. 12-Bit Comparator with 
Dual 1 — 8 Decoders Block Diagram 
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“FILENAME: CMP12BIT.EQN” 

is 12-bit address comparator and dual 1 of 8 decoders” 
@PINLIST 
BO 

Bl 

B2 

B3 

B4 

B5 

B6 

B7 

B8& 

B9 

B10 


HHHHHHHHHHRHRARaR 
Se Ne Ve Ne Ne Me Ve Se Ve Ve Ve Ve Ve Ne Vs Ve Ve Ve Ve Vo Bo Ve Vs Ve Vo Ve 


“oe 


se Ne 


ENCOMP 
wo 
W1 
W2 
W3 
w4 
WS 
W6 
wW7 
RO 
Rl 
R2 
R3 
R4 
R5 
R6 
R7 
CMPOUT 


@LOGIC EQUATION 


“COMMON PRODUCT TERM” 

ad0=/da2*/dal*/da0*dcdren; 
adl=/da2*/dal* da0*dcdren; 
ad2=/da2* dal*/da0*dcdren; 
ad3=/da2* dal* da0*dcdren; 
ad4= da2*/dal*/da0*dcdren; 
ad5= da2*/dal* da0*dcdren; 
ad6= da2* dal*/da0*dcdren; 
ad7= da2* dal* da0*dcdren; 


6 


“e 


Se Ve Ne Ve Me Me Ne Me Se Me Me Me Ne Ne 


DODD KDOKDOVOKOKOOKOOOCOOOOOHHHHHHHHHHHHHHARa az 


=> 


Figure 16. 12-Bit Comparator Boolean Equations (1 of 2) 
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”“12-Bit Address Comparator” 


axb0 a0*/b0 + /a0*b0; 
axbl al*/b1 + /al*bl; 
axb2 a2*/b2 + /a2*b2; 
axb3 a3*/b3 + /a3*b3; 
axb4 a4*/b4 + /a4*b4; 
axb5 a5*/b5 + /a5*b5; 
axb6 a6*/b6 + /a6*b6; 
axb7 a7*/b7 + /a7*b7; 
axb8 a8*/b8 + /a8*b8; 
axb9 a9*/b9 + /a9*b9; 
axb10 al0*/b10 + /al0*b10; 
axbll all*/bll1 + /all*bll; 


cmpout = / (/axb0*/axb1*/axb2*/axb3*/axb4*/axb5*/axb6*/axb7*/axb8*/axb9* 
/axb10*/axb11*encomp) ; 


“Dual 1 of 8 decoders 


da2-da0 are address inputs 

dcdren is an enable input 

rw selects which group of 8 outputs r7-r0 or w7-w0 
will have the decoded active low output” 


/ (ad7*/rw) ; 
/ (ad6*/rw) ; 
/ (ad5*/rw) ; 
/ (ad4*/rw) ; 
/ (ad3*/rw) ; 
/ (ad2*/rw) ; 
/ (ad1*/rw) ; 
/ (ad0*/rw) ; 


/(ad7* rw); 
/(ad6* rw); 
/(ad5* rw); 
/(ad4* rw); 
/(ad3* rw); 
/(ad2* rw); 
/(ad1l* rw); 
/(adO* rw); 


Figure 16. 12-Bit Comparator Boolean Equations (2 of 2) 
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ADDER = PLHS501 52-Pin PLCC Package Pin Layout * 
This function may be used as part of an ALU * Date: 10/15/93 Time: 17:50:08 * 
design or simply to off-load a microprocessor. KKK KIKI KKK IKK KIKI KKK KK IIIA AKER KEKE RK KKK 


Figure 18 is a block diagram showing the 
individual components needed for each bit. 


A carry input (CO) is provided along with a 
carry output (C8). The result of an addition 
between the inputs A7 — AO and B7 — BO 
occurs on outputs SUM7 — SUMO. 


[ 8|vcc VCC | 46] 
[ 9|118 I4| 45] 
(10 /I1L9 I3|44] 
[11|120 I2|43] 
[12|1I21 I1| 42) 
[13 | 122 I0| 41) 


[14|1I23 /B3| 40] 


[15|B4 
[16|B5 
[17 |B6é 
{[18|B7 
[19]00 
[20 |GND 


/B2|39] 
/B1|38] 
/B0|37] 
X7|36] 
X6|35] 
GND | 34] 


ADDEND 
AUGEND 


LEVEL-O FUNCTIONS 


LEVEL-1 
AUXILIARY 
FUNCTIONS 


CARRY 
INFORMATION 


co 
ADDEND 
AUGEND 


NOTES: 


G1' = G4 + P4 *G3+P4*P3°G2+P4*P3*P2°G1; C1 =G1+P1° CO; 
Pi'=P4*P3*P2*P1 C2 =G2+ P2* G1 + P2* P1 * CO; 
G2' = G8 + P8 * G7 + P8 * P7 * G6 + P8* P7 * P6 * G5; C3 =G3 + P3* G2 + P3* P2* G1 +P3° P2°* Pi * CO; 
P2' =P8*P7*P6* P5 C4 =G1'+ P1'* Co; 
C5 = G5+P5* G1'+P5 * P1'* CO; 
C6 = G6 + P6 * G5 + P6 * P5* Gi1'+ P6 * P5 * P1'* CO; 
C7 = G7 + P7* G6 + P7° P6* G5 + P7* P6* P5° G1'+P7 * P6 * PS * P1'* CO; 
C8 = G2' + P2'* G1' + P2'* P1'* CO; 


Figure 18. 8-Bit Carry Look-Ahead Adder Block Diagram and Equations 
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“FILENAME: ADDR8BIT.EQN 
8 Bit Carry Look-Ahead Adder” 


@PINLIST 
AO 
Al 


“se Ye Ve Be Ve Se Ve Ve Se Je Fe Boe Be Ve Yo Yo Ve Ye Be Ye Ve 


‘oe 


3 


oo0o0o0o0co000 HHH HHHHAHARAHARARARaRaYa 


se 


@LOGIC EQUATION 
“level-0O functions” 


gnl = /(a0*b0); 
/ (/a0*/b0) ; 
/gnl; 
= /(al*bl); 
/ (/al*/b1l) ; 
/gn2; 
= /(a2*b2); 
/ (/a2*/b2) ; 
/gn3; 
= / (a3*b3) ; 
/ (/a3*/b3) ; 
/gn4; 
= /(a4*b4); 
/ (/a4*/b4) ; 
/gn5; 
= /(a5*b5); 
(/a5*/b5) ; 
= / (a6*b6) ; 
/ (/a6*/b6) ; 


= /(aT7*b7); 
/ (/aT*/b7) ; 
/gn8; 
“level-1 functions” 
gli g4 + p4*g3 + p4*p3*g2 + p4*p3*p2*g1; 
g2_1 g8 + p8*g7 + p&*p7*g6 + p8*p7*p6*g5; 


Figure 19. 8-Bit Adder Boolean Equations (1 of 2) 
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“carry information” 


cl 
c2 
c3 
c4 
c5 
cé 
c7 
cs 
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+ 


+ 
+ 
+ 
+ 
+ 
+ 
+ 


p1*c0; 

p2*gl + p2*pl*c0; 

p3*g2 + p3*p2*gl + p3*p2*pl*c0; 

p4*p3*p2*p1*c0; 

p5*gl1_1 + p5*p4*p3*p2*p1*c0; 

p6*g5 + p6*p5*gl_1 + p6*pS*p4*p3*p2*pl1*c0; 

p7*g6 + p7*p6*g5 + p7*p6*p5*gl_1 + p7*p6*p5*p4*p3*p2*p1*c0; 
p8*p7*p6*p5*gl_ 1 + p&8*p7*p6*p5*p4*p3*p2*pl1*c0 ; 


functions” 


(pl * gnl); 
gn2); 
gn3); 
gn4) ; 
gn5) ; 
gn6) ; 
gn7); 
gn8) ; 


+ + + + + + + 


Figure 19. 8-Bit Adder Boolean Equations (2 of 2) 
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32- to 5-BIT PRIORITY ENCODER 


; BENDEL Gocien Gums pack oes. : * This relatively simple example demonstrates 
nieces ee ee he capability of the PLHS501 to b 

* Date: 10/15/93 Time: 17:58:06 * , panslity Oring FE. lice 

KKEKEKKKKKKKKEKKEKKKKEKKEKKEKKEKKEKKKEKKKKKKKKKKKKEKKKKKKKKKKKKKK 


KEKKKKEKKEKKEKKKEKKEKKEKEKEKKKKEKEKKEEKKEKEKEKKEKKEKEKKEKKEKKKKKKKKKE 


programmed with functions that are not 
avaiable in ‘standard’ device libraries. The 
equations may look difficult at first glance. 
However, there is a pattern to the encoding. 
Referring to Figure 21, Lab4 — Lab1 are 
terms that are common to several outputs 
(A4n — AOn). Separating them from the main 
equations allows a total reduction in the 
| numbers of gates used. 
| 

| 
[ 8|Vvcc weet vel 
[ 9]118 I4|45] 
[10|1I19 I3 | 44) 
{[11|1I20 I2| 43] 
[12]1I21 I1| 42] 
[13 |1I22 I0| 41) 
[14|1I23 /B3|40] 
[15 |B4 /B2|39] 
[16|B5 /B1|38] 
[17|B6 /B0|37] 
{18|B7 X7|36] 
19|00 X6j,35 
=e aia 

| 


32 to 5 
131-10 PRIORITY 
ENCODER 


Figure 21. 32 to 5 Priority Encoder 
Block Diagram 


}2/2)21/2]2)2]2]/2)/213131313] 
J1IZ2/314/5] 617/81 9/0]1}2]3] 
+-4-+-+4-4-4-4-4-4-4-4-4-4-+ 
AAAA EG 
123 4 os 


Figure 20. Encoder Pin List 
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“FILENAME: ENCODER .EQN 
32 TO 5 PRIORITY ENCODER” 


@PINLIST 
ro 
i 
I2 
i3 
r4 
LS 
I6 
I7 
r8 
I9 
I10 
I1l 
I12 
f1i3 
I14 
LiS 
I16 
A Be 
I18 
LL 
I20 
L21 
I22 
I23 
I24 
£25 
I26 
Bo | 
I28 


Se Me Ne 


‘es 


HAHA RRARR 
Ne Se Be Ve Ve Ve Ve Ve Ve Ve Ve Ve Ve Ve Ve Ve Ve Ve Ve 


2s Ne 


Se Me Se Ve Ve Ve Ve Vs Ve Ve 


=. 


A4 
GS 
EO 


@LOGIC EQUATION 


“COMMON PRODUCT TERM” 

cptl 126*i127*i28*i29*i30*i31; 
cpt2 120*121*122*i123%*124*i25; 
cpt3 414*115*116*117*1i18*1i19; 
cpt4 18*19*110*111*112*i113; 


AO=/( /i31 
+/i29*i30*i31 
+/i27*i28*i29*i30*i31 
+/i25*cptl 
+/123*i24*i25*cptl 
+/i121*1i22*i123*i24*i25*cptl 
+/i19*cpt2*cpt1 
+/i17*i18*i19*cpt2*cptl1 
+/i15*i16*i117*i18*i9*cpt2*cpt1 
+/i13*cpt3*cpt2*cptl 
+/i11*i12*i13*cpt3*cpt2*cptl 
+/i9 *110*111*i12*i13*cpt3*cpt2*cptl 
+/i7 *cpt4*cpt3*cpt2 
+/i5 *i6*i7*cpt4*cpt3*cpt2*cptl 
+/i3 *i4*i5*i6*i7*cpt4*cpt3*cpt2*cptl 
+/il *i2*i3*i4*i5*i6*i7*cpt4*cpt3*cpt2*cpt1) ; 


Al=/( /i31 
+/i30*i31 
+/i27*i28*i29*i30*i31 
+/i26*i27*i28*i29*i30*i31 


es 


Xe 


OOOO COCOOHHHHHHHHHHHHHHHHHRRARaARaRaRaa 


‘ee 


Figure 22. Encoder Boolean Equations (1 of 2) 
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+/123*124*i25*cptl 
+/122*123*124*i25*cptl 
+/i119*cpt2*cptl 

+/118*i19*cpt2*cptl1 
+/i15*116*i17*118*i19*cpt2*cptl 
+/114*115*116*i117*i18*i19*cpt2*cptl 
+/111*112*i13*cpt3*cpt2*cptl 
+/110*111*i12*i113*cpt3*cpt2*cptl 

+/i7 *cpt4*cpt3*cpt2*cptl 

+/i6 *i7*cpt4*cpt3*cpt2*cptl 

+/i3 *i4*i5*i6*i7*cpt4*cpt3*cpt2*cptl 
+/i2 *i3*i4*i5*i6*i7*cpt4*cpt3*cpt2*cptl) ; 


A2=/( /i31 
+/130*i31 
+/i29*i30*i31 
+/i28*1i29*i30*i31 
+/i23*i24*i25*cptl 
+/122*123*i124*i25*cptl 
+/i21*122*123*i124*i25*cptl 
+/i20*121*122*123*i124*i25*cptl 
+/i115*416*i117*i18*i19*cpt2*cptl 
+/114*i15*i116*i117*i18*i19*cpt2*cptl 
+/i13*cpt3*cpt2*cptl 
+/112*113*cpt3*cpt2*cptl 
+/i7 *cpt4*cpt3*cpt2*cptl 
+/i6 *i7*cpt4*cpt3*cpt2*cptl 
+/i5 *i6*i7*cpt4*cpt3*cpt2*cptl 
+/14 *i5*i6*i7*cpt4*cpt3*cpt2*cpt1l) ; 


A3=/( /i31 
+/i30*i31 
+/i29*i30*i31 
+/i28*i29*i30*i31 
+/i27*i28*i29*i30*i31 
+/i26*i127*i28*i129*i30*i31 
+/i25*cptl 
+/i24*i25*cptl 
+/i15*i16*i17*i18*i19*cpt2*cptl 
+/i14*i15*i16*i117*i18*i19*cpt2*cptl 
+/i13*cpt3*cpt2*cptl 
+/i12*i13*cpt3*cpt2*cptl 
+/i11*i12*i13*cpt3*cpt2*cptl 
+/i110*i111*112*i13*cpt3*cpt2*cptl 
+/i9 *110*111*112*i113*cpt3*cpt2*cptl 
+/i8 *19*410*111*i12*i13*cpt3*cpt2*cptl) ; 


A4=/( /i31 
+/i30*i31 
+/129*i30*i31 
+/i28*i29*i30*i31 
+/i27*128*i129*1i30*i31 
+/i26*i27*i28*i29*i30*i31 
+/i25*cptl 
+/i24*i25*cptl 
+/i23*i24*i25*cptl 
+/i22*i23*i24*i25*cptl 
+/i21*122*i123*1i24*i25*cptl 
+/i20*121*122*i123*i24*i25*cptl 
+/i19*cpt2*cptl 
+/i18*i19*cpt2*cptl 
+/i17*i18*i19*cpt2*cptl 
+/i16*i17*i18*i19*cpt2*cpt1) ; 


eo = /(i0*i1*i2*i3*i4*i5*1i6*i7 
*18*i19*i10*i111*i112*113*i14*i15 
*116*117*i118*i19*i20*i121*i22*i23 
*124*1i25*cptl) ; 

gs = /eo; 


Figure 22. Encoder Boolean Equations (2 of 2) 
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4-BIT SYNCHRONOUS COUNTER 


This counter produces a binary count on RREKKRRKKKEERERREREKREKKEKREEKERERERREKREEKREEKERRERKEEEREREREKEEEE 
outputs Count3 — CountO. Note the required * PLHS501 52-Pin PLCC Package Pin Layout * 
reset (RST) input to initialize all of the * Date: 10/18/93 Time: 09:51:23 * 
flip-flops. The inputs for each flip-flop were RREKKKERAREREREREEREEEEEREEEEEEEEREREEEREREKEEEKEKRKKKKKKKKKKKE 


first determined by drawing the desired output 
waveforms. Next, Karnaugh maps were used 
to reduce the number of terms and determine 
the logic equations for the input to each 
flip-flop. This technique could be used to 
construct a counter whose outputs produce 
some count other than binary. 


The simulation only consists of a reset, 
followed by a number of clocks to count from 


0 through 15 and back to 0. | 
vcc | 46] 


r4|45) 
I3 | 44) 
I2 | 43) 
I1| 42) 
I0| 41) 
/B3 | 40) 
/B2|39) 
/B1|38) 
/B0 |37) 
X7|36] 
X6|35) 
GND | 34] 


}24212)2/21212)2121313|313) 
11/213/4)5(6|71/8{/9/0)1)2)3] 
+-+-4+-4-4+-4-4+-4-4-4-4-4+-+-+ 


Figure 23. 4-Bit Counter Pin List 
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“4 bit synchronous counter” 


@PINLIST 


@LOGIC EQUATION 
“INPUTS FOR EACH FLIP-FLOP” 


DATA1 ( (CQ1*CQNO) + (CON1*CQO) ) ; 
DATA2 ( (CQO *CQ1*CON2) + (COND *CQ2) + (CQN1*CQ2) ) ; 
DATA3 ( (CQN2*CQ3) + (COND *CQ3) + (CQO *CO1*CO2*CON3) + (CQN1*CQ3) ) ; 


“4 D-TYPE FLIP FLOPS CONNECTED AS A SYNCHRONOUS COUNTER” 


/ (CLK*RST* (/ (CSNO* (/ (CQONO*RST*CRNO) )))) ; 
/ (CSNO*CLK* (/ (CQNO*RST*CRNO) ) ) ; 

/ (CSNO*CQNO) ; 

/ (CRNO*CQO*RST) ; 


/ (CLK*RST* (/ (CSN1* (/ (DATA1L*RST*CRN1) )))); 
/ (CSN1*CLK* (/ (DATA1*RST*CRN1) ) ) ; 

/ (CSN1*CQN1) ; 

/ (CRN1*CQ1*RST) ; 


/ (CLK*RST* (/ (CSN2* (/ (DATA2*RST*CRN2))))); 
/ (CSN2*CLK* (/ (DATA2*RST*CRN2) ) ) ; 

/ (CSN2*CQN2) ; 

/ (CRN2*CQ2*RST) ; 


/ (CLK*RST* (/ (CSN3* (/ (DATA3*RST*CRN3) )))); 
/ (CSN3*CLK* (/ (DATA3*RST*CRN3) ) ) ; 

/ (CSN3*CQN3) ; 

/ (CRN3*CQ3*RST) ; 


“Connection to output pins” 


count 0=cq0 ; 
countl=cql1; 
count 2=cq2 ; 
count3=cq3; 
“TERMINAL COUNT PIN” 


TC= (CQO*CQ1*CQO2*CQ3) ; 


Figure 24. 4-Bit Counter Boolean Equations 
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VME Bus EPROM Interface 

The idea for this VMEbus EPROM board 
came from WIRELESS WORLD CIRCUIT 
IDEAS, January, 1988. The implementation 
was done by a Philips’ FAE, John McNally. 


The board contains two banks of EPROMs. 
Each bank consists of either two 27128s or 
two 27256s; each of which can be enabled by 
comparing the address location fo the board. 
Decoding three other address bits selects 
which of the banks is accessed. A 4-bit shift 
register combined with four jumpers provide 
wait states. 


The circuit drawing was entered onto a PC 
using FutureNet DASH, a schematic capture 


~ 
ie) 


OO INO [MH |S |W 1h |= 


October 1993 


package (Figures 25, 26, and 27). It was then 
converted to logic equations using SNAP 
(Figures 29 and 30) and then assembled into 
a PLHS501. 


This application, which originally needed 
eight ICs, used forty-four of the available 
seventy-two NAND Foldback Terms and forth 
of the available fifty-two pins. As the 
PLHS501 contains no registers, an 
edge-triggered D-type flip-flop was designed 
using NAND gates and this is used as a soft 
macro in order to implement the shift register 
function (Figure 27). 


/ROMIHI 


Figure 25. VME — EPROM Interface 


iz 


As suggested in the original article, the circuit 
could be expanded to access up to eight 
ROM banks (Figure 28B). This was achieved 
by editing the logic equation file and adding 
extra equations (Figure 32). Modifying the 
drawing, although fairly easy to do, was not 
considered necessary as the object was to 
design with PML and not TTL. The expanded 
circuit would require another three TTL IC 
packages, brining the total to eleven if done 
using TTL devices. The number of foldback 
terms increased to fifty-five, with the number 
of pins rising to fifty. Figure 28 shows the 
pinout of both versions. 


/MASEL 


1 7432 
3 ENDATLO 


G2 


1 7432 


» 3. ENDATHI 
G5 


/R-W 


/ROM1LO 


/ROM1HI 


/DTACK 
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Figure 26. Edge-Triggered D Flip-Flop (DFFS) 


Figure 27. 4-Bit Shifter (7495) 
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A. 2 ROM BANKS AS ORIGINAL CIRCUIT. 
REPLACES 8 PACKAGES - USES 46 FOLDBACK TERMS 

$17 
/AS $18 
A16 $19 
A17 $20 
A1é 21 
A19 $22 
A20 $23 

716)5/4/3]21 1 |52/51 |50 |49 | 48/47 
vcc 8 46 vcc 
A21 9 45 WAIT 
A22 10 BA NC 
A23 11 43 CKBMZ 
/DSO 12 42 N/C 
/DS1 13 41 WC 
R-WN 14 [40 7R-W 
Qo 15 39 DTAK 
Q1 16 ,, 38___ /DTACK 
Q2 17 37 _/MASEL 
Q3 18 36 NC 
fROMOLO 19 35 NIC 
GND 20 34 GND 
oan 9 al 9 ee o 
/ROMOHI 21 | 22 |23 |24 |25 |26 | 27 | 28 |29 |30 |31 | 32/33 NC 
/ROM1LO N/C 
/ROM1Hi N/C 
N/C ENDATHI 
N/C ENDATLO 
N/C ENADD 
N/C 
B. EXPANDED TO 8 ROM BANKS 
REPLACES 11 PACKAGES - USES 55 FOLDBACK TERMS 

$17 
/A5 $18 
A16 $19 
A17 $20 
A18 $21 
A19 $22 
A20 $23 

7};615/4/]3)21]1 |52/51/50 |49 | 48 | 47 
vcc 8 46 vcc 
A21 9 45 Ww2 
A22 10 44 W1 
A23 11 43 CKBMZ 
/DSO 12 42 N/C 
/DS1 13 PLHSS501 41 N/C 
R-WN 14 40 /R-W 
REG 15 39 DTAK 
ENADD 16 38 _/DTACK 
ENDATLO 17 37 ___ /MASEL 
ENDATHI 18 36 /ROM7HI 
/ROMOLO 19 35 _/ROM7LO 
GND 20 FULLEXP 34 GND 
mC umm 0 me @ 

/ROMOHI 21 | 22 | 23 |24 |25 |26 | 27 | 28 |29 |30 |31 |32/33 IROMG6HI 
/ROM1LO /ROM6LO 
/ROM1HI /ROMSHI 
/ROM2LO [ROM5LO 
/ROM2HI /ROM4HI 
/ROM3LO /ROM4LO 
/ROM3HI 


Figure 28. VMEEXP and FULLEXP 
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KAERKKKKKEKKKREKEKEKEKEKEKEEKKEREKEEEKEKKEKKEKKEKKKKKKKKKKKRKKKK 


* PLHS501 52-Pin PLCC Package Pin Layout 
* Date: 10/24/93 


* 


Time: 17:24:59 * 


RREKKKKKEKKEKEEKEKEREREKEKEKEKEKEKEKEEEEKKEKKEKEEKEKKKKKKKKKKK 


121212121212121/212131313131 
J11213 14151617181 910]112131 
$otatitetetetotetitetetatet 


Figure 29. VMEEXP PLHSS501 Pinlist 
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vcc | 46] 
T4|45] 
I3 | 44) 
I2| 43] 
I1| 42) 
I0| 41) 

/B3| 40] 

/B2|39] 

/B1|38] 

/B0 [37] 
X7|36) 
X6|35] 

GND | 34] 
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@PINLIST 


WAIT 
CKBMZ 
DS[1..0) 
RWN 

A5 
A[16...23] 
$[17..23] 


Se 


Ne 


Ne Se Se 


=e 


Re Ve Me 


oo0909000 HHHHHHH 


.e 


@LOGIC EQUATIONS 


RO3 = (/(MASEL*SO3*CKBMZ*DO3) ) ; 
SO3 = (/(CKBMZ*(/(SO3*DO3*MASEL) ))); 
DO3 = (/(Q2*RO3)); 

RO2 = (/(MASEL*SO2*CKBMZ*DO2) ) ; 

SO2 = (/(CKBMZ*(/(SO2*DO2*MASEL) ))); 
DO2 (/ (Q1*RO2) ) ; 

RO1 = (/(MASEL*SO1*CKBMZ*DO1) ) ; 

SOl = (/ (CKBMZ*(/(SO1*DO1*MASEL) ))) ; 
Dol (/ (Q0*RO1) ) ; 

ROO = (/ (MASEL*SO0*CKBMZ*DOO) ) ; 

SOO = (/(CKBMZ*(/(SO0*DOO*MASEL) ))); 
DOO = (/(0*ROO)); 


(/DS0+(/ (/A16*MASEL) ) ) 
ROMOHI (/DS1+(/ (/A16*MASEL) ) ) 
ROM1LO (/DS0+(/( A16*MASEL) ) ) 
) 
) 


ROMOLO 


ROM1HI (/DS1+(/( A16*MASEL) 


Q0 (/ ((/ (ROO*QO) ) *SO0* (MASEL 
Ql (/ ((/ (RO1L*Q1) ) *SO1* (MASEL) 

Q2 (/ ( (/ (RO2*Q2) ) *SO2* (MASEL) ) ); 
Q3 (/ ((/ (RO3*Q3) ) *SO3* (MASEL) ) ) ; 


MASEL = /(/(/(/ ( (A17*S17+/A17*/S17) 
* (A18*S18+/A18*/S18) 
* (A19*S19+/A19*/S19) 
* (A20*S20+/A20*/S20) 
* (A21*S21+/A21*/S21) 
* (A22*S22+/A22*/S22) 
* (A23*S23+/A23*/S23) 
*(AS5))))); 


/ ((/ (MASEL+WAIT) ) *RWN) ; 
/NDTACK; 

/ (RWN) ; 

A5; 

( (RW+MASEL) +/DSO) ; 

( (RW+MASEL) +/DS1) ; 


) 
) 


, 
’ 


) 
) 
) 


NDTACK 


ENDATHI 


Figure 30. VMEEXP PLHSS501 .BEE File 
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KAEKKKEEKKKKKKKKKREKEKEKKKKEREKKEKKEKEKEEKKKKKEEKEKKKKEKEKKEKKKKKKKKK 


& 
* Date: 


10/24/93 


[ sjvcc 
{ 9|118 
[10|1I19 
(11/120 
{12|I21 
(13 |I22 
[14|1I23 
[15 |B4 
(16|B5 
{17|Bé6é 
(18|B7 
[19|00 
[20|GND 


PLHS501 52-Pin PLCC Package Pin Layout 


* 


Time: 16:42:18 * 
KEKE KKKEKKKEKKEKEKEKKKKKEKEKEKKEKEKEKEKEKKKKKEKEEEEKEEKEKEKEKK 


J212/2/2/2/2/2/21/21/31313131 
111213141516 /71/81/9/0j112]3] 
tatatetatototatetetetetetet 


Figure 31. FULLEXP Pinlist 


777 


l 
VCC | 46] 
I4|45] 
I3| 44) 
I2|43] 
I1]42] 
I0|41] 
/B3|40] 
/B2|39] 
/B1|38] 
/B0|37] 
X7|36] 
X6|35] 
GND | 34] 
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@PINLIS 


CKBMZ 
DSs[1..0 
RWN 

A5 
A(16..2 
S[(i7?..2 
W[1..0] 


ROMOLO 
ROMOHI 
ROM1LO 
ROMI1HI 
ENADD 


@GROUPS 


wg 


] 


3] 
3] 


Le 
ie 
LF 
i; 
L; 
I; 
I; 

ENDATLO 
O; ENDATHI 
Oo: RW 
Oo; NDTACK 
O; DTACK 
O; MASEL 


ADDR = A[18..16]; 
@LOGIC EQUATIONS 


RO3 
SO3 
DO3 
RO2 
S02 
DO2 
RO1 
sol 
DO1 
ROO 
soo 
DOO 


ROMOLO 
ROMOHI 
ROM1LO 
ROMI1HI 
ROM2LO 
ROM2HI 
ROM3LO 
ROM3HI 
ROM4LO 
ROM4HI 
ROMSLO 
ROMSHI 
ROM6LO 
ROM6HI 
ROM7LO 
ROM7HI 


Q0 
Ql 
Q2 
Q3 


NDTACK 


ENADD 
ENDATLO 
ENDATHI 
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“eo “ea Ne Me 


O99000 fe) 


‘e 


(/ (MASEL*S0O3*CKBMZ*DO3) ) ; 
(/ (CKBMZ* (/ (SO3*DO3*MASEL) ))) ; 
(/ (Q2*RO3) ) ; 
(/ (MASEL*SO2*CKBMZ*DO2) ) ; 
(/ (CKBMZ* (/ (SO2*DO2*MASEL) ))) ; 
(/ (Q1*RO2) ) ; 
(/ (MASEL*SO1*CKBMZ*DO1) ) ; 
(/ (CKBM2Z* (/ (SO1*DO1*MASEL) ))); 
(/ (Q0*RO1) ) ; 
(/ (MASEL*SO0*CKBMZ*DOO) ) ; 
(/ (CKBMZ* (/ (SOO*DOO*MASEL) ))); 
(/ (O*ROO) ) ; 


(/DS0+(/( (addr == 
(/DS1+(/( (addr == 
(/DS0+(/( (addr == 
(/DS1+(/( (addr == 
(/DS0+(/ ( (addr == 
(/DS1+(/( (addr == 
(/DS0+(/( (addr == 
(/DS1+(/( (addr == 
(/DSO0+(/( (addr == 
(/DS1+(/ ( (addr == 
(/DS0+(/( (addr == 
(/DS1+(/( (addr == 
(/DS0O+(/( (addr == 
(/DS1+(/( (addr == 
(/DS0+(/({addr == 
(/DS1+(/( (addr == 


(/ ((/ (ROO*QO) ) *SOO* (MASEL) ) ) ; 
(/ ((/ (RO1*Q1) ) *SO1* (MASEL) ) ) ; 
(/ ((/ (RO2*Q2) ) *SO2* (MASEL) ) ) ; 
(/ ( (/ (RO3*Q3) ) *SO3* (MASEL) ) ) ; 


MASEL = 


Oh) *MASEL) ) ) ; 
Oh) *MASEL) ) ) ; 
lh) *MASEL) ) ) ; 
lh) *MASEL) ) ) ; 
2h) *MASEL) ) ) ; 
2h) *MASEL) ) ) ; 
3h) *MASEL) ) ) ; 
3h) *MASEL) ) ) ; 
4h) *MASEL) ) ) ; 
4h) *MASEL) ) ) ; 
Sh) *MASEL) ) ) ; 
Sh) *MASEL) ) ) ; 
6h) *MASEL) ) ) ; 
6h) *MASEL) ) ) ; 
7h) *MASEL) ) ) ; 
7h) *MASEL) ) ) ; 


/(/(/ (/ ((A17*S174+/A17*/S17) 
* (A18*S18+/A18*/S18) 
* (A19*S19+/A19*/S19) 
* (A20*S20+/A20*/S20) 
* (A21*S21+/A21*/S21) 
* (A22*S22+/A22*/S22) 
* (A23*S23+/A23*/S23) 
*(A5))))); 


= /((/ (MASEL+/ ( (/q0*wO*/w1) + (ql*wO*/wl1) + (/q2*/w0*w1) 
+(/q3*wO*w1) ))) *RWN) ; 


/NDTACK; 
/ (RWN) ; 
AS; 


( (RW+MASEL) +/DSO) ; 
( (RW+MASEL) +/DS1) ; 


Figure 32. FULLEXP PLHS501 .BEE File 
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MICRO CHANNEL INTERFACE 
IBM's new Micro Channel Architecture (MCA) 
bus implements new features not found on 
the XT/AT bus. One new requirement for 
adapter designers is that of Programmable 
Option Select (POS) circuitry. It allows 
system software to configure each adapter 
card upon power on, thereby eliminating 
option select switches or jumpers on the main 
logic board and on adapter cards. 


Each adapter card slot has its own unique 
—CDSETUP signal routed to it. This allows 
the CPU to interrogate each card individually 
upon power up. By activating a card's 
—CDSETUP line along with appropriate 
address and control lines two unique 8 bit 1D 
numbers are first read from the adapter. 
Based upon the ID number, the system then 
writes into the card's option latches 
configuration information that has been 
stored in the system’s CMOS RAM. The CPU 
also activates POS latch address 102h bit 0, 
which is designated as a card enable bit. 


If a new card is added to the system, an 
auto-configuration utility will be invoked. Each 
adapter card has associated with it a 
standardized Adapter Description File with 
filename of @XXXX.ADF, where XXXX is the 
hex ID number of the card. The configuration 
utility prompts the user according to the text 


CHRESET 


provided in the .ADF file and updates the 
card's latches and the system’s CMOS RAM. 


IBM reserves 8 addresses for byte-wide POS 
latches, however, depending on the card's 
function, not all addresses need to be used. 
In addition, of those addresses that are used, 
only the bits used need to be latched. The 
first two addresses which are reserved for 
reading the ID bytes, and bit 0 of the third 
address, which is defined as a card enable 
bit, are mandatory. Some of the remaining 
bits of the third address are suggested by 
IBM to be used as inputs to an I/O or memory 
address comparator to provide for alternate 
card addresses. Many adapter cards will not 
use more than these three POS locations. 


The following example describes an 
implementation of POS circuitry realized in a 
PLHS501. It uses only 56 of the possible 72 
internal foldback NAND gates and only a 
portion of the device pins, allowing additional 
circuitry to ba added. Figure 33 shows a 
block diagram of the circuit, and Figures 35 
and 36 are the SNAP files. Pins labeled 
DOO-—DO7 must be connected externally to 
pins DINO—DIN7. They also must be 
connected through a 74F 245 transceiver to 
the Micro Channel. External transceiver 
direction and enable control is provided for by 


OCTAL 
3to1 
MULTIPLEXER 


circuitry within the PLHS501. The external 
transceiver may also be used by other 
devices on the adapter card. 


In this application, edge-triggered registers 
are not required and therefore should not be 
used, as transparent latches use fewer 
NAND gates to implement. Figure 34 shows 
the various latch circuits described by the 
SNAP equations. POS byte 2 was made 
using four of the /B device pins and four of 
the B pins. Notice however, from Figure 34(B) 
that the bits on the /B pins used the 
complement of the input pin, thereby 
implementing a non-inverting latch. Also, all 8 
bits of this byte were brought to output pins. If 
some of the bits are not used by external 
circuitry, then the specific bit latch may not be 
needed or may be constructed entirely from 
foldback NAND gates freeing additional pins. 


An external F521 may be added to provide 
for I/O address decoding. As the MCA bus 
requires all 16 bits of the I/O address to be 
decoded, 8 bits may be assigned to the F521 
and 8 bits to the 501. Bit fields decoded in the 
501 may be done so in conjunction with bits 
from POS byte 2 to provide for alternate I/O 
addressing. Additionally, some of the 
available 501 outputs may be used as device 
enables for other devices on the card. 


BUFEN 


TRANSCEIVER 
CONTROL DIR 
Z POS 


[| [-———— ) syte2 


DATA OUTPUT 


3—STATE| 8 
DRIVER }.,4 


Figure 33. Block Diagram of Basic POS Implementation in PLHS501 
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(SETUP) 


(INTERNAL NODE) 


(A) Control Signal Input Latch (1 of 7) (B) Data Latch of Bits 4-7 


(C) Data Latch of Bits 0 -—3 


Figure 34. Latches Used in MCA Interface 
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* PLHS501 52-Pin PLCC Package Pin Layout * 


* Date: 10/24/93 Time: 15:42:33 * 
RRRRRARERKEKRKRRKKKKKKEKKKKKKKKKKKKKKKKKKKKKKKKKkKKKKkKKKkKKKKKKK 


{14|I23 
(15 |B4 
{16(|B5 
[17 |B6 
{18 |B7 
[19]00 


Figure 35. PLHSS01 MCPOSREG Pinlist 
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“ 


Basic Programmable Option Select circuitry 
for a Micro Channel Adaptor card 


ow 


@PINLIST 


a[2..0] 

cmd 

setup 

ss[1..0] 

ain [7.<0] 

adl 

mio 

rst 

@LOGIC EQUATIONS 


readO = (nsetupl*/ss11*ss01*nmiol*/cmd*na21*/all*/a0l) ; 
readl = (nsetupl*/ss11*ss01*nmiol*/cmd*na21*/all* a0l); 
read2 = (nsetupl*/ss11*ss01*nmiol*/cmd*na21* all*/a0l) ; 


b7hi 
béhi 
bShi 
b4hi 
b3hi 
b2hi 
blhi 
bohi 


b7lo 
b6lo 
b5lo 
b4lo 
b31lo 
b21lo 
bllo 
bOlo 


” 7-Bit Input Latch for Control Signals ” 


”“ Define high ID byte ” 
id (POS byte #1) 
i 7E hex ” 


Se Ve Ve Veo 


Se Me Ve 


=. 


” Define low ID byte 
. (POS byte #0) 
= FF hex 


Se Me Ve Ve Ne 


=e 


0 
1 
1 
i 
1 
1 
1 
0 
a7 
1 
1 
i. 
1 
1 
mI 
1 


=e 


nsetupl 
nmiol 
ssll 
ssOl 
na2l 
all 

a0l 


/setup*/adl nsetupl*adl; 
*/adl nmiol *adl; 
*/adl ssll *adl; 
*/adl ss0l *adl; 
*/adl na21 *adl; 
*/adl all *adl; 
*/adl a0l *adl; 


Option Select Octal Data Latch (POS byte #2) ” 
10 is to be used as a card enable signal” 


= /(nsetupl*/ss01*ss11*nmiol*/cmd*na21*all*/a0l); “write to latch” 


/(/din7 * /nen) * /(/17 * nen) * (/rst); 
/(/diné * /nen) * /(/16 * nen) * (/rst); 
/(/dinS * /nen) * /(/15 * nen) * (/rst); 
/(/din4 * /nen) * /(/14 * nen) * (/rst); 
/(/( din3 * /nen * /rst) * /(13 * nen * /rst)); 
/(/( din2 * /nen * /rst) * /(12 * nen * /rst)); 
/(/( dinl * /nen * /rst) * /(11 * nen * /rst)); 
/(/( dinOd * /nen * /rst) * /(10 * nen * /rst)); 


Figure 36. PLHS501 MCPOSREG .EQN File (1 of 2) 
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Octal 3 to 1 Multiplexer ” 
This multiplexer selects between reading 


POS[0], 


ido7 
ido6 
ido5 
ido4 
ido3 
ido2 
idol 
idoOd 


(b7hi*readl 
(b6hi*readl 
(b5hi*readl 
(b4hi*readl 
(b3hi*read1l 
(b2hi*readl 
(blhi*readl 
(bOhi*readl 


+ 
+ 
+ 
+ 
+ 
+ 
i 


rt 


b71lo*read0 
b6lo*read0 
b51lo*read0 
b4lo*read0 
b31lo*read0 
b21lo*read0O 
bllo*read0 
b0lo*read0O 


+ 
+ 
+ 
+ 
+ 
+ 
+ 


+ 


POS[1] or POS[2] onto the data bus” 


17*read2) ; 
16*readZ2) ; 
15*read2) ; 
14*read2) ; 
13*read2) ; 
12*readZ2) ; 
11*read2) ; 
10*read2) ; 


”“3-State output control for do7-do0” 


do[7..0] 


= ido[7..0]; 


do[7..0].ce = (nsetupl*/ss11*ss01*nmiol*/cmd*na21*outen) ; 
outen =/(all*a0l) ; 


"External F245 transceiver control” 


/(na21 * nsetupl * nmiol * ssll * /ss01); 
/(na21 * nsetupl * nmiol * ssll * /ss01); 


iowb 
niow 
bufen 
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cmd * niow; 


Figure 36. PLHS501 MCPOSREG .EQN File (2 of 2) 


783 


AN049 


Philips Semiconductors Programmable Logic Devices 


Application Note 


PLHS501 design examples 


AN049 


NuBus INTERFACE 

In Apple Computer's book* “Designing Cards 
and Drivers for Macintosh Il and Macintosh 
SE”, an application was described for 
interfacing an 8-bit I/O controller to the 
NuBus. The controller used was a SCSI 
controller of the type used on the main 
Macintosh logic board. Seven devices (three 
of which were PAL architecture) were used 
as control circuitry interfacing the SCSI 
controller and two RAM chips to the bus. 


This example of using the PLHS501 shows a 
method of interfacing the same SCSI 
controller and RAM chips to the NuBus using 
only three parts. The adapter card schematic 
is shown in Figure 38, the SNAP pin listing is 
in Figure 42, and the SNAP .EQN listing is in 
Figure 43. Although the SNAP listing may 


seem confusing at first glance, the circuitry 
fused into the PLHS501 can be broken down 
into small blocks of latches, flip-flops, and 
schematically in Figures 40 and 41. Circuit 
timing is shown in Figure 39. 


Referring to Figure 40 and Figure 41, the 
circuitry starts a transaction by first detecting 
a valid address in either the slot or super slot 
range. The detection is accomplished by two 
wide-input NAND gates, and controlled by the 
/CLK signal. Following each NAND gate is an 
S-R latch to hold the signal until near the end 
of the cycle. The two S-R latch signals are 
combined into one signal named STO such 
that if either NAND gate output was low, then 
some delay time after the rising edge of 
/CLK, STO will go low. The next rising edge of 
/CLK will cause signal ST1 to go low. This 


sets signal DE2 low, which is an input to an 
external flip-flop to cause ST2 to go low at 
the next rising /CLK edge terminating the 
cycle. An external flip-flop was necessary to 
achieve a high-speed /CLK to /IOR and /ACK 
transition. Also, an external F125 buffer was 
added to meed the soon to be approved 
IEEE P1196 specification requirement of 
60mA Io, for signal /NMRQ and 24mA lo, for 
signals /TMO/TM1 and /ACK. Figure 41(B) 
shows an easily implemented latch which 
controls interrupts generated by the SCSI 
controller passing onto the bus. Upon 
/RESET the latch is put into a known state. 
Under software control, by writing to a 
decoded address, the latch may be set or 
reset, thereby gating or blocking the interrupt 
signals. 


MASTER 


MODULE 
SPECIFIC 


MODULE 
SPECIFIC 


| ARBITRATION PLHS501 


- 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


mi hee CONTROL 


Sl a ay i ee a a a is Se ey lace 


| 
L 


CLOCK 
ORIGINATION 


CLOCK 


ADDRESS, DATA, 
CONTROL AND PARITY 


(perenne cnen einen naneees eases erent ARBITRATION 


Figure 37. Simplified NuBus™ Diagram 


* Designing Cards and Drivers for Macintosh Il and Macintosh SE, Addison—Wesley Publishing Company, Inc. 1987. 
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/NMRQ[_ > 


TM1[_ > 


/TMO [__> 


/ACK[__> 


/START [__> 
/RESET [__> 
ICLK [__> 


AD3 [_> 
AD2 (> 
Api (__> 
ADO [__> 


/AD24[__ > 


GND 
AOR 


/JAD15[___> 
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i 74F651 g 


| 3 | Gap GBAI2 


rN oO 
a0oa 
ece 


g 
ADO 


Figure 38. Adapter Card Schematic 
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SCSI /DB2 
CTRLR /DB1 


RESET F 
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& 


/DB7 
/DB6 
/DB5 

ona 
/DB3 


iii i 


wh ah ot at oth 


/DBO 


/SEL 
/BSY 
/ACK 
/ATN 
/RST 
ANO 
/ICNO 
MSG 
/REQ 


8 
6 
4 
2 
0 
8 
6 
4 
2 
4s 
36 
38 
32 
40 


aS 


& 


) 


/RESETB 
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/SLOT/SUPER 


STO 


sT1 


ST2 


/ACK 


(SCSI/DACK 
/ROMCS, /RAMCS 


AOR 


Figure 39. Timing Diagram 


D-LATCH WITH INTEGRAL AND GATE INPUT 
(DELAY INPUT UNTIL RISING EDGE OF /CLK) 


Figure 40. Decoding and Latch Circuitry 
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/RESET /RESET 


/SUPER ™ TMIL 
AD/CLK 
‘SUP ‘SLT 


(A) Four Internal Flip-Flops Constructed from NAND Gates. 


AND-OR FUNCTIONS 


RESET 
(B) Interrupt Enable Control Latch 
Internal Flip-Flops and Latches 


Figure 41. Internal Flip-Flops and Latches 
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RAKKKEKKKKEKEKKKEEEEKKEKEREKEKKEKEKEKREKKKKKEKKKKKKKKKKKKKKKKKKKK 


% 
* Date: 


PLHSS501 52-Pin PLCC Package Pin Layout 
10/24/93 


x 


Time: 13:03:39 * 


RREKKEKEKKEEKKREKEKEKKKEKEKKEKKKKKEKKKKKKKEKKKKKKKKKKKKKKKKKKKKKK 


[ 8}vec 
[ 9|118 
[10]119 
[11]120 
[12]121 
[13 | 122 
[14]123 
[15|B4 
[16|B5 
[17|B6 
[18|B7 
[19]00 
[20|GND 


Figure 42. SNAP Pin List 
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Vcc | 46] 
I4| 45] 
I3|44] 
I2| 43] 
I1| 42] 
I0|41] 

/B3|40] 

/B2|39] 

/B1|38] 

/B0|37] 
X7 136] 
X6|35] 

GND |34] 
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a” 


SCSI-NuBus Interface” 


@PINLIST 

nid[0..3] i; nromcs oO; 
d[(7..0] i: nramcs oO; 
a9 i; nnmrq Oo; 
af{iS..i18] i; nresetb 0; 
nresetl i; nscsi oO; 
nreset2 is 

ntml i; ndack oO; 
nack » Fs niorr Oo; 
nstart : A niow oO; 
ncelk 13 st0 Bb: 
drq » aclk os 
irq i; de2 oO; 
st2 is 

@LOGIC EQUATION 


cmp0Oa = (d0*/nid0+/d0*nidO) ; 
cmpla = (d1*/nidl+/dl1*nid1l) ; 
cmp2a = (d2*/nid2+/d2*nid2) ; 
emp3a = (d3*/nid3+/d3*nid3) ; 
empOb = (d4*/nid0+/d4*nid0O) ; 
emplb = (d5*/nid1+/d5*nid1) ; 
cmp2b = (d6*/nid2+/d6*nid2) ; 
emp3b = (d7*/nid3+/d7*nid3) ; 
nsl = / (d7*d6*d5*d4*cmp0a*cmpla*cmp2a*cmp3a*/nstart *nack*/nclk) ; 
nsp = / (cmpOb*cmplb*cmp2b*cmp3b*/nstart *nack*/nclk) ; 
“latch slot signal” 
nslt = / (nresetl*st2*/ (nsl*nslt) ) ; 
“latch super signal” 

nsup = / (nresetl*st2*/ (nsp*nsup) ) ; 

“Let nslt or nsup through only 

until after the rising edge 

of nclk” 
istO = /(/(nslt*nsup*nclk) * /(st0*/nclk) * /(nslt*nsup*st0) * nresetl) ; 
stO = ist0; 
st0.ce = 1; 


“Address Decode” 


“Slot signal D-type Flip Flop” 


nslot.d = st0; 


nslot.clk 
nslot.set 
nslot.rst 


nclk; 
nreset2; 
nslt; 


“Super signal D-type Flip Flop” 


nsuper.d = st0; 


nsuper.clk 


stl. 


= nclk; 
nsuper.set = nreset2; 
= nsup; 
”“State 1 D-type Flip Flop” 
stl.d = st0O; 
clk = nclk; 
set = nreset2; 


stl. 


de2 


adel 
aclk 


tmll 
tmll 
tmll 
tml1l 


October 1993 


“output to external flop” 
= /(/stl * st2); 


“address latch clock” 
k /ncolk*st0*stl1; 


/nelk*st0*st1; 


“latch tml signal for r/w info” 
-d = ntmil; 
.set = nreset2; 
-clk = adclk; 
-rst = nslt; 


Figure 43. SNAP .EQN Listing (1 of 2) 
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tmll 


niorr 
niow 

nscsi 
ndack 


-> 1 read, O write 


“straight decode stuff” 
= /(/st0*tmll nreset1l) ; 
= /(/tml1l*/st0 nreset1) ; 
= /(/nslot*/al9*/al8*/a9 nresetl) ; 
= /(/nslot*/al9*/al8* a9 nreset2) ; 


nromcs= /(/nslot* al9* a18 nreset2) ; 
nramcs= / (/nsuper nreset2) ; 
nresetb= nreset2; 


setad 
rstad 
inten 


nnmrq 
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“interrupt control latch” 
/ (/tm11*/st0*/nslot* al19*/al8* a9); 
/ (/tm11*/st0*/nslot* al9*/al8*/a9) ; 
/ (setad* (/ (inten*rstad*nreset2) )); 
/ (inten*drq+tinten*irg) ; 


Figure 43. SNAP .EQN Listing (1 of 2) 
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Data Bus Parity 

The PLHS501 can span 32 bits of input data. 
It has four output Ex-OR gates, and the ability 
to generate literally any function of the inputs. 
It would seem that there must be some “best” 
way to generate and detect parity. Recall that 
the PLHS501 can generate both deep logic 
functions (lots of levels) and wide logic 
functions (lots of inputs). The best solution 
would require the fewest gates and the 
fewest number of logic levels. Let's review 
the basics, first. Table 1(A) shows the parity 
function for two variables and Table 1(B) 
shows it for three variables. The Ex-OR 
function generates even parity. 


It is noticeable that there are precisely 50% 
logical 1 entries in the truth tables. This yields 
the famous checkerboard Karnaugh Maps. 
With a checkerboard K-map, no simplification 
of Ex-OR functions is possible by Boolean 
simplification. The two variable Ex-OR has 
two ones (implying 3 gates to generate), the 


Table 1. Even Parity Functions 


Table 1(A). 


= INEUTS ee 


Figure 44(A). 
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2 LEVELS ae 


3 variable has four ones (implying 5 gates to 
generate). In general, 2"-'+1 product terms 
could generate Ex-OR functions in two levels 
of NAND gates (assuming complementary 
input variables exist). You must have an 
unlimited number of gate inputs for this to 
hold. 


The PLHS501 could do this for 7 input 
variables in two levels (26+1=65), but cannot 
support 8 (27+1=129). Hence, it is 
appropriate to seek a cascaded solution, 
hopefully taking advantage of the available 
output Ex-OR functions. Let's solve a 16 
input Ex-OR function, by subpartitioning. 
First, consider Figure 44(A) where two literals 
are Exclusive-ORed to generate an 
intermediate Ex-OR function. This requires 
available complementary inputs and 
generates even parity in two levels. 

Figure 44(B) also does this (by factoring), 
requiring 3 gate levels, but does not require 
complementary inputs. 


A B 
0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 


-"-o+-0;0+0!/0 


Assuming inputs must get into the PLHS501 
through the pin receivers, it is best to 
generate as wide of an initial Ex-OR as 
possible, so a structure like Figure 44(A) 
expanded is appropriate. Figure 44 shows a 
2-level 4 input Ex-OR function which may be 
viewed as a building block. This structure 
may be repeated four times, across four sets 
of four input bits generating partial 
intermediate parity values which may then be 
treated through two boxes similar to 

Figure 44(B). These outputs are finally 
combined through an output Ex-OR ata 
PLHS501 output pin. Figure 46 shows the 
complete solution which requires 44 NANDs 
plus one Ex-OR. 


Figures 47 and 48 show the pin layout and 
SNAP equations for a parity generator. This 
example uses a cascade with a different 
partitioning than just previously discussed. 


~aoo-0--~ 0/0 


Table 1(B). 


Figure 44. Complementary Input Levels 
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Tyo — scseceo 


— 
— 
> 
——l> 


D 
D 


A 
B 
Cc 
D 
D 
: 
D 
A 
B 
Cc 
D 
A 
B 
Cc 
D 
A 
B 
Cc 
D 
A 
B 
Cc 
D 


41NPUT EX-OR SYMBOL 


Figure 45. Four Variable Ex-ORs 


Total gates = 44 + 1 Ex-OR. 
Gate Delay = 5-NAND levels + 1 Ex-OR. 


Figure 46. 16 Input Even Parity Generation 
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* PLHS501 52-Pin PLCC Package Pin Layout * 


* Date: 10/24/93 Time: 14:32:27 * 
KEKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


FEDCBAYXVUTSR 


| 
VCC | 46] 
14/45] 
I3|44] 
I2]43] 
11] 42] 
10} 41) 
/B3| 40] 


[ 8|vcc 
[ 9|1I18 
[10|119 
[11|1I20 
[12|I21 
[13 |1I22 
(14|1I23 


[15|B4 
[16|B5 
[17|B6 


/B2|39] 
/B1[38] 
/B0|37) 


X7}36] 
X61 35] 


[18|B7 
[19]00 
[20|GND 


J2)2/2)2)2/2)2)21/21/31313131 
11121314151617181910]11213] 
+-4+-4+-4-4-4-4-4-4-4-4+-+-4-+ 


Figure 47. PARITET PLHS501 Pinlist 
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“FILENAME : PARITET .EQN 


24 BIT PARITY CIRCUIT” 


@® 
: 
H 
172) 
| 


se 


Se Se Ve Ve 


HHS CHNDADONOASRMYAGVHMANAONW YS 


eo 38 


OOOHHHHHHHHHHHHHHAHARARARHRARARARARAaA 


@LOGIC EQUATION 


“FIRST LEVEL: ‘EVEN’ 
JO=/A*/B*/C + /A*B*C + 
J1=/D*/E*/F + /D*E*F + 
J2=/G*/H*/I + /G*H*I + 
J3=/I*/K*/L + /I*K*L + 
J4=/M*/N*/O + /M*N*O + 
J5=/P*/Q*/R + /P*Q*R + 
J6=/S*/T*/U + /S*T*U + 
TT=/V*/X*/Y + /V*X*Y + 


“SECOND LEVEL: ‘EVEN’ 


J8=/TO*/T1*/T2*/I3 + /JO*/T1*I2*IZ + JO*XI1*/I2*/I3 + /JO*I1*I2*/I3 
+ JO*/J1*/I2*I3 + /JO*I1*/I2*I3 + JO*/I1*I2*/I3 + JO*I1*I2*I3; 

T9=/T4*/IS*/TE*/TT + /T4*/IS*IE*IT + JA*I5*/TE*/IT + /T4*I5*I6*/I7 
+ J4*/IS*/TE*TT + /TA*IS*/JE*IT + J4*/I5*I6*/I7T + J4*I5*I6*I7; 


TO=/ (J8*J9) ; 

T1=/ (/J8*/J9) ; 
T2=/ (J8*/J9) ; 
T3=/ (/J8*J9) ; 


ODDI=/ (T2*T3) ; 
EVENI=/ (TO*T1) ; 
ODD=ODDI; 
EVEN=EVENI; 
ODD.OE = /OEN; 
/OEN; 
0; 


ODD_OC=ODD_OCI; 
EVEN_OC=EVEN_OCI; 
ODD _OC.OE = T2*T3*/OEN; 


FROM GROUPS OF THREE INPUTS” 


A*/B*C 
D*/E*F 
G*/H*I 
J*/K*L 
M*/N*O 
P*/Q*R 
S*/T*U 
V*/X*Y 


+ 


+ 
+ 
+ 
+ 
+ 
+ 


+ 


A*B*/C; 
D*E*/F; 
G*H*/I; 
J*K*/L; 
M*N*/O; 
P*Q*/R; 
S*T*/U; 
V*¥X*/Y; 


FROM FOUR GROUPS AT A TIME” 


EVEN OC.OE = TO*T1*/OEN; 
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Figure 48. PARITET PLHS501 .BEE File 
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16-Bit Comparator 

This example “compare”, implements, a 
16-bit comparator over 32 input bits. The 
design generates outputs for conditions 
representing the classic “EQUAL”, “AGTB” 
(A>B) and BGTA (B>A). The long, 
triangularized equation for T42 suggests a 
clever editing approach to accurately enter a 
relatively long design equation into SNAP. 


KKEEKEEKEKKKEEKKEEEKKKKKEKEKEKKEEKEKKEKKKEEKKKKEKEKKKKEKEKKKKKKKKKKK 


* PLHS501 52-Pin PLCC Package Pin Layout * 


* Date: 10/24/93 Time: 14:54:43 * 
HHH IKK KIKI KKK KIKI KERRI K KEE KEKREKEKEKKEKEKEEREKEEKEAK KK KKK 


| 

| 

| 

| 
VCC | 46] 
14] 45] 
I3|44] 
I2|43] 
I1| 42] 
I0|41] 
/B3|40] 
/B2|39] 
/B1|38] 
/B0|37] 
X7|36] 
X6|35] 
GND |34] 

| 


Aw by 


BD 
BE 
BF 
AO 
Al 
A2 
A3 


1212121)2)2121/21212/31313131 
[11/213 1}41/5161/71/81910}11213] 
+-4+-4-+4-4-4+-4-4-4+-+-+4-+-+-+ 


Figure 49. PLHS501 Pinlist for 16—Bit Comparator 
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“FILENAME : PARITET .EQN 
16 BIT COMPARATOR WITH THREE OUTPUTS: 
EQUAL, AGTB (A>B), AND BGTA (B>A)” 


@PINLIST 
A[9..0] 


. 
4 


. 

, 
. 

’ 
. 


, 
. 


(2 


’ 


I 
i 
os 
a A 
s 3 
Bi 
2 a 
z 
Oo 
0 


AGTB ; 
BGTA 0; 


@LOGIC EQUATION 

T1=/ (AF*/BF) ; T2=/ (/AF*BF) ; 

T3=/ (AE*/BE) ; T4=/ (/AE*BE) ; 

T5=/ (AD*/BD) ; T6=/ (/AD*BD) ; 

T7=/ (AC*/BC) ; T8=/ (/AC*BC) ; 

T9=/ (AB*/BB) ; T10=/ (/AB*BB) ; 
T11=/ (AA*/BA) ; T12=/ (/AA*BA) ; 
T13=/ (A9*/B9) ; T14=/ (/A9*B9) ; 
T15=/ (A8*/BB8) ; T16=/ (/A8*B8) ; 
T17=/ (A7*/B7) ; T18=/ (/A7*B7) ; 
T19=/ (A6*/B6) ; T20=/ (/A6*B6) ; 
T21=/ (A5*/BS) ; T22=/ (/A5*BS) ; 
T23=/ (A4*/B4) ; T24=/ (/A4*B4) ; 
T25=/ (A3*/B3) ; T26=/ (/A3*B3) ; 
T27=/ (A2*/B2) ; T28=/ (/A2*B2) ; 
T29=/ (Al*/B2) ; T30=/ (/A1*B1) ; 
T31=/ (AO*/BO) ; T32=/ (/AO*BO) ; 


T41=T1*T2*T3*T4*TS*TE*TIT*TS*TO*TLO*XT11L*T12*T13*T14*T15*T16*T17* 
T18*T19O*TZO*T2ZLAT2ZZ2*T23*T2Z4*T25*T26*T27*T28*T29*T3IO*T31*T32; 
T42= /T1+ 

/T3*T2+ 

/T5*T4*T2+ 

/TI*TE*TA*T2+ 

/TO*TS*TE*T4*T2+ 

/T11*T10*TS*T6*T4*T2+ 

/T13*T12*T10*TS*TE*T4*T2+ 

/T15*T14*T12*T10*T8*TE*T4*T2+ 
/TL7T*TLE*TL4AXTI2Z*T1LO*XTS*TE*T4*T2+ 
/T19*T18*T16*T14*T12*T1LO*TS*TE*TA*T2+ 
/T21*T20*T18*T1E*T14*T12*T1O*TS*TE*T4*T2+ 
/TZ23*TZ22*T20*T1S*T1E*T1L4*T12*T1O*TS*TE*T4*T2+ 
/T25*T24*T22*T20*T18*T16*T14*T12*T1LO*TS*TE*T4*T2+ 
/TZ7T*T26*T24*T22*T20*T1S*T1LE*T1L4*T12*TLO*TS*TE*T4A*T2+ 
/TZ9*TZ8*TZ6E*T24*T2Z2*T20*T1S*T16*T14*T12*T10*TS*TE*T4*T2+ 
/T31*T3O*T2Z8 *T26*T24*T22*T20*T1LS*TLE*T1L4*T12*T1LO*TS*TE*T4*T2; 


EQUAL=T41; 
AGTB=T42; 
BGTA=/ (T41+T42) ; 


Figure 50. Compare PLHS501 .BEE File 
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INTRODUCTION 

This application note describes how to 
implement expansion I/O ports for a 
microcontroller via the I2C bus using a Philips 
Semiconductors PML2552 programmable 
logic device. This design provides 24 
dedicated inputs and 16 outputs using only a 
single PML2552. Sixteen of the inputs may 
be configured on the bit level to be registered 
or direct inputs. The remaining eight are fixed 
as direct inputs. 


I2C BUS 

The I?C bus is a popular two-wire serial bus 
developed by Philips Semiconductors for 
communication between one or more 
microcontrollers and peripheral devices within 
a system. Although not as fast as parallel 
buses, it is designed to reduce packaging and 
board layout costs by requiring less wiring 
and fewer device pins to interconnect ICs or 
modules. Another feature is that additional 
circuitry may be easily plugged onto the two 
wires for testing or expansion purposes. 


A complete specification for the I@C bus may 
be found in Philips’ Microcontroller Data 
Handbook. A brief overview of the bus 
follows. 


CHARACTERISTICS OF THE I2C 


BUS 

The I?C bus provides 2-way, 2-line 
communication between different ICs or 
modules. The two lines are a serial data line 
(SDA) and a serial clock line (SCL). Both 
lines must be connected to a positive supply 
via a pull-up resistor when connected to the 
output stages of a device. Data may be 
initiated only when the bus is not busy. 


One data bit is transferred during each clock 
pulse. The data on the SDA line must remain 
stable during the HIGH period of the clock 
pulse as changes in the data line at this time 
will be interpreted as control signals 

(Figure 2). 


Both data and clock lines remain HIGH when 
the bus is not busy. A HIGH-to-LOW 
transition of the data line, while the clock is 
HIGH is defined as the start condition (S). A 
LOW-to-HIGH transition of the data line while 
the clock is HIGH is defined as the stop 
condition (P). Figure 3 shows start and stop 
conditions. 


A device generating a message is a 
“transmitter”, a device receiving a message is 
the “receiver”. The device that controls the 
message is the “master” and the devices that 
are controlled by the master are “slaves”. 
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Figure 4 shows a block diagram of a system 
configuration. 


The number of data bytes transferred 
between the start and the stop conditions 
from transmitter to receiver is not limited. 
Each byte of the eight bits is followed by one 
acknowledge bit. The master supplies the 
clock pulse for the acknowledge bit. An 
acknowledge is a LOW level on the SDA line 
during the acknowledge clock. Therefore the 
transmitter must leave the bus HIGH so the 
receiver may pull the SDA line LOW to 
acknowledge. 


A slave receiver which is addressed must 
generate an acknowledge after the reception 
of each byte (Figure 5) A master receiver 
must generate an acknowledge after the 
reception of each byte provided the master 
wants to continue receiving bytes. A master 
receiver must signal an end of data to the 
slave transmitter by not generating an 
acknowledge on the last byte that has been 
clocked out of the slave. In this event the 
slave transmitter must leave the data line 
HIGH to enable to master to generate a stop 
condition ). 


Data transfers follow the formats shown in 
Figure 6. After the START condition, the 
master sends the slave address. This 
address is 7 bits long, the eighth bit is a data 
direction bit (R/W). A ‘zero’ indicates a 
transmission (WRITE) and a ‘one” indicates a 
request for data (READ). A master always 
terminates a data transfer by a STOP 
condition. However, if a master still wishes to 
communicate on the bus, it can generate 
another START condition and address 
another slave without first generating a STOP 
condition. Various combinations of read and 
write formats are possible within such a 
transfer. 


Each port in this design is assigned a unique 
address, so only 8 bits are available to or 
from each address. However, a master may 
read or write a port multiple times during the 
same message. During a read of a port 
(slave), if the master acknowledges the data, 
then the same port will put data on the bus 
again. When the master not-acknowledges 
the data, then the slave will release the bus 
so the master may generate a stop or 
another start condition. During a write, the 
master may simply continue to write data 
after the address. All data will go into and be 
acknowledged by the addressed slave output 
port. 
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PML2552 OVERVIEW 

A functional block diagram of the Philips 
PML2582 is shown is Figure 1. The PML2552 
is a CMOS device built on an EPROM 
process. This device contains 16 bypassable 
input D flip-flops, 16 bypassable output D 
flip-flops, 20 internal JK flip-flops, and 96 
foldback NAND gates in a 68 pin package. 
The core of the PML2552 is a programmable 
array of 96 NAND gates and 20 buried JK 
flip-flops. The output of each NAND gate 
folds back upon itself and all other NAND 
gates and flip-flops. The Q and /Q output of 
each flip-flop folds back in a similar manner. 
All inputs (true and complement) also 
connect to each of the NAND gate and 
flip-flop inputs. Thus, total connectivity of all 
logic functions is achieved. 


A NAND operation is functionally complete 
meaning that using only NAND gates, AND, 
OR and INVERT operations may be realized. 
Any logic function may therefore be 
constructed from the NAND gates in the 
folded NAND array, from simple combinatorial 
logic to additional edge-triggered registers. 
Because the NAND gates have very wide 
inputs (258 possible input connections), some 
functions which require many logic levels 
using simple 2 or 4 input gates, may be 
‘flattened’ or implemented in fewer delay 
inducing logic levels. 


I2C 1/0 PORT DESIGN 

Shown in Figure 7 is a block diagram of the 
l2C I/O port design for the PML2552. It is set 
up as an |2C slave device to provide three 8 
bit input ports and two 8 bit output registers. 
Addresses are programmed into the device 
and may be altered by changing 3 lines in the 
equations file. Two of the 8 bit input ports 
may be configured to be registered or direct 
inputs. These inputs are mapped to the 16 
input D flip-flops of the PML2552 which may 
be individually bypassed. The third 8 bit port 
uses 8 direct input pins. The dual 8 bit output 
registers are mapped to the 16 output D 
flip-flops. An external connection is 
necessary to clock the output D flip-flops. 


An 8-bit shift register was constructed from 8 
internal JK flip-flops. Addresses and data 
appearing on the IC bus are clocked into this 
register. A state machine looks at this register 
for a valid address, and if appropriate, clocks 
the data following the address into the output 
registers. 
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In addition to the shift register the state 
machine also looks at a three bit counter 
output to determine when a specific bit or 
data bytes are available. Using a counter to 
mark time instead of adding states to the 
state machine can save device resources for 
other functions. A counter may be constucted 
very efficiently using JK flip-flops and this one 
uses a unique design which uses only three 
NAND gates in the PML2582 flip-flop clock 
array, none in the foldback NAND array! The 
state machine is built using 7 of the 
PML2552’s internal JK flip-flops. The state 
machine has an output, DSBLCNT, which 
holds the counter at zero for one clock cycle 
during the acknowledge bit time. DSBLCNT 
is also gated with a couple other signals to 
generate an acknowledge on the bus. 


Two signals are involved in reseting or 
initializing the state machine and counter. 
They are called START and BUSY. Their 
relative timing is shown in Figure 8. The 
derivation of these signals is described later, 
but for now note that the counter and state 
machine are reset whenever START is HIGH 
or BUSY is low. START and BUSY are 
generated from a circuit which detects the |2C 
bus start and stop conditions. If an address 
is placed on the l?C bus that does not match 
one programmed into the device, the state 
machine will go into a state which can only be 
exited by the START or BUSY signals 
resetting the state machine. Also, if a bus 
master issues a repeated start condition, 
START will go HIGH initializing the state 
machine to begin looking for an address 
match. 


Instead of loading the input register data into 
a shift register, a 24 to 1 multiplexer, along 
with the counter, select the proper input bit to 
send out onto the I?C bus. An additional 
flip-flop (U11) inside of the interface logic 
synchronizes the data to the I2C clock, SCL. 
The multiplexer inputs are offset in relation to 
the counter value. It was necessary to offset 
the bits relative to the counter due to the one 
bit delay introduced by U11 and DSBLCNT 
holding the counter at zero for one bit time. 


U11's output connects to another flop-flop 
called U10. U10 holds the data (port data or 
acknowledge bit) to be sent to the master 
device for one data bit time. The |°C data 
must change only when the SCL clock is 
LOW. The falling edge of SCL may be up to 
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300ns long. For this reason, U10 is clocked 
by a delayed falling edge of SCL. The delay 
is created by a bidirectional output pin 
(DLYOUT) and an external RC network. Pin 
DLYOUT is configured to operate like an 
open-collector output. The input to DLYOUT's 
output buffer is connected to ground. The 
SCL input is internally connected to the three 
state output enable control line of this output 
buffer. DLYOUT should be externally 
connected to a 10K pull-up resistor and a 
33pF capacitor connected to ground. An input 
buffer is internally connected to DLYOUT and 
clocks U10. U10’s output controls the 3-State 
control line of output SDA. Output SDA 
behaves like an open-collector as the input to 
the 3-State output buffer is connected to 
ground. 


Detecting valid !2C start and stop conditions 
was done without using internal flip-flops. 
Instead, an asychronous state machine was 
designed to output a pulse during start 
conditions and hold a line (busy) high until a 
stop condition. The start pulse initializes 
(resets) the state machine and counter. 


START/STOP DETECTION 
DETAILS 


The waveforms produced by the detection 
circuitry are shown in Figure 8. The first step 
to achive these waveforms is to draw 
waveforms of the desired circuit operation 
showing all possible input transitions. First, 
let's start with the START signal waveforms. 
These timing waveforms are shown in 
Figure 9a. 


Next, a primitive flow table should be 
constructed. A primitive flow table has only a 
single stable state on each row. It is shown in 
Figure 9b. From the primitive flow table, a 
reduced flow table can be constructed by 
merging rows. Two rows may be merged, if, 
when comparing each column entry, they are 
the same or at least one is a Don't Care. 
Merging of rows may be described by a 
merger diagram. For this case one is shown 
in Figure 9c. So, from the primitive diagram, 
rows with stable states 0,1 and 2 are 
combined. Also, rows with stable states 6 and 
3 are combined. 


The merged flow table (Figure 9d) has two 
rows So only one state variable (Yo) is 
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required. The output matrix table is shown in 
Figure Qe. It was generated by simply 
assigning the output value associated with 
each stable state. Unstable entries were 
assigned the output value associated with the 
corresponding stable state. 


A table showing the next state value for Yo is 
shown in Figure 9f. It was generated by 
noting which states should remain stable and 
what value Y must be to either enter or 
remain in that state. 


Generation of the BUSY signal required two 
state variables as shown in Figure 10. Tables 
were constructed in a manner similar to the 
process described above. However when 
transitioning from unstable state 1 to stable 
state 1 (see reduced flow table, stable state 1 
is circled) an intermediate state was added. 
This was done to avoid switching the two 
transistion variables, y1 & yO, from 00 to 11 
simultaneously. Adding the intermediate state 
makes the variables change from 00 to 10 to 
11. Additionally, an extra state was added to 
transistion from unstable state 3 to stable 
state 3. 


Waveforms for bus transations along with 
some internal signals are shown in Figures 11 
and 12. The SNAP listing is shown in Figure 
14. 


CONCLUSION 

PLDs may be used in embedded systems for 
more than simple decoding and glue logic 
collection functions. This design combined 
several low level functions (counter, shift 
register, state machine, random logic) to 
produce a useful microcontroller peripheral 
using one programmable logic device. This 
design may be easily altered to provide for 
specific system requirements. It has already 
been altered to make a simple I@C bus 
activity monitor which is the subject of 
another application note (ANO339)! 


A breadboard of this circuit was constructed 
for functional testing purposes. A listing for 
the design is shown in Figure 14. Additional 
circuit details are written as comments in the 
listing. A copy may be downloaded from the 
Philips PLD and Microcontroller Bulletin 
Board. The phone number is (800) 451-6644 
or (408) 991-2406. Use a modem set to 8 
bits, no parity and one stop bit. 
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16 OUTPUT 
D FLIP-FLOPS 


Me-OresZrvgcxzvv 


ANOMZSZOOVWMAZ— 


24 
BI-DIRECTIONAL 
Os 


10 
JK FLIP-FLOPS 
WITH 
COMMON 
CLK 


10 
JK FUP-FLOPS 
WITH 


DISTINCT 
CLKS 


Figure 1. PML2552 Functional Block Diagram 
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Change 
of Data 
Allowed 


Bit Transfer 


Start Condition Stop Condition 


Figure 3. Definition of Start and Stop Conditions 


TRANSMITTER ©: TRANSMITTER - TRANSMITTER =: 


RECEIVER © RECEIVER Se 


Figure 4. System Configuration Using I2C-Bus 


start condition clock pulse for 
acknowledgement 


SCL FROM 
MASTER 


DATA OUTPUT 
BY TRANSMITTER 


DATA OUTPUT 
BY RECEIVER 


Figure 5. Acknowledgement on the I2C-Bus 


October 1993 800 


Philips Semiconductors Programmable Logic Devices Application Note 


l2C I/O ports ANO38 


Possible data transfer formats are: 
a. Master transmitter to slave receiver. Direction is not changed. 


ae ae from siave 


DATA 1 DATA n 
We re canon oe FROM WASTER [nie [oe reowwasren | * |? 
| data transferred | 


(n bytes + acknowledge) 


A = acknowledge 
S = start 
P = stop 


b. Master reads slave immediately after first byte. 


acknowledge from siave acknowledge from master not acknowledge from master 
to end transmission 


DATA 1 DATA n 
a a mowaive | * | enowitive | * | oP 


| data transferred | 
(n bytes + acknowledge) 


= i I 


c. Combined format. 


acknowledge from slave acknowledge from slave 


[e[asnomel ow [Tom [a] s[ovenonn] ow [Tom To] 
| (n = at | 


+ ack. 


direction of transfer may 
change at this point. 


During a change of direction within a transfer, the START condition and the slave address are both repeated, but the R/W 
bit reversed. Start, stop, slave addresses and R/W bits are generated by the master. 


Figure 6. Data formats of the I2C-Bus 
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OUTPUT 
PORTS 


Figure 7. I/O Ports Block Diagram 


START CONDITION STOP CONDITION 


Figure 8. Start and Busy Signal Timing 
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D 14 170 OF 170 OF 1 11 170 0 Of 1 170 O 


Zz 0Oo0o;7;17,0 0 0000 0 00 0 0 0 OF 170 


132 6@07O0d28g817181020d1 SGC O 


9a. Waveforms with Assigned State Values 


9d. Reduced Flow Table 


9b. Primitive Flow Table 


Z 
Ae START=D - C - Yo 
2Y 9e. Output Matrix 
Oma 
9c. Merger Diagram 
Z 


yo = © + Dyo 


Of. Transition Matrix 


Figure 9. START Equation Generation 
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Reduced 
Flow Table 


Primitive 
Flow Table 


Output 
Matrix 


Transition 
Matrix 


¥1 


You YiD + y,C + DO + yy Vo. D + yor ¥1 =Y1¥o + WiC + yoDT + y; 


Figure 10. BUSY Signal Generation 
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WP 
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1] 
| 
2 
> 
= 
a) 
S 
an 
” 


COUNT O 


DSBLCNT 


Figure 12. Transmit Data Timing 
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[10)16 
(11}125 
{12|14 
[13}13 
(14|12 
[15 |GND4 
(16|I2 
(17|I0 
[18 |SCM 
[19|SCI 
[20] I/CKD3 
[21|vcc4 
[22 |I/CKD2 
[23|I/CKD1 
[24|I/CKB/CKC 
[25|PD 
[26] I/DB7 

| 


| 
I/012 | 60] 
I/013|59]) 
I/014|58] 
I/015|57) 
CKE2 | 56) 
vecc2 |55] 
BO|54) 
B1|53] 
B2|52) 
B3|51] 
B4|50] 
GND2 | 49] 
B5 | 48] 
B6| 47] 
B7| 46] 
I/DAO | 45] 
I/DA1| 44) 


I242FZ2ISISISISISIZSIZSIZIZIZ 14141414) 
171/8{910]11213141516/71/81/910)11213) 
toto totatedatatitetetodetetetetete$ 


Figure 13. Pin Layout with External Connections 
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This design is for a PML2552 device. It configures the PML2552 

to operate as several I2C slave remote I/O ports. It provides 

for 16 parallel output lines and 24 inputs. Specifically, the 

I/O ports are arranged as two 8-bit output ports, two 8-bit input 
ports (which may be modified on the bit level to be registered 
or direct inputs), and one 8-bit direct input port. The two 8-bit 
output ports will power-up to a HIGH level on the device pins. 


SNAP 1.90 or later must be used to compile this file. 


@PINLIST 

“input pins” 

scl i; “I2C clock” 

reset i “reset input is active LOW” 
p4[(7..0) i; “port 4” 

p3(7..0] 4; “port 3” 

ck3 i; “clock for port 3” 

ck4 i; “clock for port 4” 

wplc i; “connect pin to wpl pin” 

wp2c i; “connect pin to wp2 pin” 

LT a a] i? “port. 5* 

“output pins” 

sda be “I2C data” 

start b; “pulse during start condition” 
busy b; “bus busy - high from start to stop” 
own o; “address compare” 

wpl oO; “connect pin to wplc pin” 

wp2 oF “connect pin to wp2c pin” 

dlyio b; “connect pin to 10K pullup and 33pf cap to gnd” 
p2(0..7] 0; “port 2” 

pl[0..7] 0; "port 1” 

@GROUPS 

adr = sr[6..0]; 

cx = c[2..0]; 

ct = c[2..0]; 

port5 = i[7..0]; “direct inputs” 

port4 = p4[7..0]; “registered or direct inputs” 
port3 = p3[7..0]; “registered or direct inputs” 
port2 = p2[7..0]; “outputs” 

portl = pl[7..0]; “outputs” 

@TRUTHTABLE 


@LOGIC EQUATIONS 


“ or 


” 


a[15..8].id = port4; 
dad[(15..8].clk = ck4; 
a[(7..0].id = port3; 
a[(7..0).clk = ck3; 


The breadboard doesn’t use input registers 
so the above section is commented out and 
the following section used. 


Figure 14. (1 of 5) 
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d[15..8] 
a[7..0] 


di {7..0] 


.od = 
.clk = 
.od = 


“8 bit shift register for input” 
“of I2C address and data” 


“the state machine reads this register” 
“for address comparison and clocks” 
“data from this register into” 
“appropriate output register” 


/ (start 
/ (start 
/ (start 
/ (start 
/ (start 
/ (start 
/ (start 
/ (start 
sda; 
/sda; 


“this register is clocked by the I2C” 
“bus clock” 


“reset or set signals defined so SNAP” 
“will use specific internal JK flip-flops” 


++etteteetet 


”“ Counter section 


“3-bit binary counter” 
“outputs connected to state machine” 
“and to multiplexer ” 


Figure 14. (2 of 5) 
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/(/busy + start); 
/(/busy + start); 
/(/busy + start); 


/(/dsblent * /scl); “counter uses NAND gates” 
/(/dsblicnt * /scl * cO); “in clock NAND array, not” 
/(/dsblcent * /scl * cO * cl); “from the foldback array” 


“convert parallel input data” 
(D6*OWN1* /OWN2*CT==0H*/dsblcnt) “to serial format” 
(D5*OWN1* /OWN2*CT==1H*/dsblcnt) 
(D4*OWN1* /OWN2*CT==2H*/dsblcnt) 
(D3 *OWN1* /OWN2*CT==3H*/dsblcnt) "Sort 3° 
(D2*OWN1* /OWN2*CT==4H*/dsblcnt) 
(D1*OWN1* /OWN2*CT==5H*/dsblcnt) 
(DO*OWN1* /OWN2*CT==6H*/dsblcnt) 
(D7*OWN1*/OWN2* dsblcnt) 


++teteett 


(D14*OWN2* /OWN1*CT==0H*/dsblcnt) 

(D13*OWN2* /OWN1*CT==1H*/dsblcnt) “port 4” 
(D12*OWN2* /OWN1*CT==2H*/dsblcnt) 
(D11*OWN2*/OWN1*CT==3H*/dsblcnt) 

(D10*OWN2* /OWN1*CT==4H*/dsblcnt) 

(D9 *OWN2*/OWN1*CT==5H*/dsblcnt) 

(D8 *OWN2*/OWN1*CT==6H*/dsblcnt) 

(D15*OWN2*/OWN1* dsblcnt) 


t++ete+tetetet 


(dié*OWN1*OWN2*CT==0H*/dsblcnt) 
(di5*OWN1*OWN2*CT==1H*/dsblcnt) 
(di4*OWN1*OWN2*CT==2H*/dsblcnt) 
(di3*OWN1*OWN2*CT==3H*/dsblcnt) 
(di2*OWN1*OWN2*CT==4H*/dsblcnt) 
(dil*OWN1*OWN2*CT==5H*/dsblcnt) 
(di0*OWN1*OWN2*CT==6H*/dsblcnt) 
(di7*OWN1*OWN2* dsblcnt) ; 


+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


/scl + uuuy*/sda; “start condition pulse” 
uuustart /uuuy*/sda*scl; 
start uuustart; 
start.oe = 1; 

“bus busy signal is HIGH” 

uuuy0 uuuyl*/sda + uuuyl*/scl “from start to stop” 

/sda*/scl + /uuuyl*uuuy0*sda “conditions” 

uuuy0*/scl + /reset; 


uuuyl*uuuyO + uuuyl*/scl 
/uuuy0*sda*/scl + uuuyl*/sda + /reset; 


/uuuyl*uuuyO + /uuuyl*/sda; 
uuubusy; 
i; 


Figure 14. (3 of 5) 
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“I2C data” 


/dtw * dsblent * own “send ACK on bus” 
dtw * /dsblcnt * own * /ull; “send data on bus” 
ul0din; 
/ul0in; “u1l0 holds data stable on bus” 
dlyio; 
/(start + /busy) ; 


ul0.k 
ul0.clk 
ul0O.rst 


uu n+ w 


uii.3 
ull.k 
ull.clk 
ull.rst 


uuuout ; “ull synchronizes input data to I2C clock” 
/uuuout ; 

scl; 

/ (start + /busy); 


dlyio ; “pin dlyio should be connected to a 10K” 
dlyio.oe ; “pull-up and a 33pf cap to ground” 


“port address declarations” 
“these addresses may be changed to” 
“any valid I2C address” 


adr==0111000b; “this address is for portl (write) & port3 (read)” 
adr==0111010b; “this address is for port2 (write) & port4 (read)” 
adr==0111011b; “this address is to read pins I0 to I7” 


S2*/S1*S0; “duplication of some state machine” 


= /S2* S1*S0; “states to be used in following” 
= /S2*/S1*S0; “boolean equation” 


dsblcnt = state2i+state4i+tstate6i; “’dsblcnt HIGH when in state 2,4 or 6” 


62.set 
sl.set 
s0.set 
ownl.rst 
own2.rst 
dtw.rst 
dtr.rst 
82.clk 
sl.clk 
s60.clk 
ownl.clk 
own2 .clk 


/ (start /busy) ; “reset state machine upon start” 

/ (start /busy) ; “condition and whenever bus is ” 

/ (start /busy) ; “not busy (stop detected). sd 

/ (start /busy) ; 

/ (start /busy) ; “ownl & own2 denote address match” 
/ (start /busy) ; “write to I2C bus (read port)” 

/ (start /busy) ; “read I2C bus (write port)” 
scl; 

scl; “clock state machine from I2C clock” 
scl; 

scl; 

scl; 

scl; 

scl; 


“state machine reads counter to” 
“wait for specific bits” 


wp = dtr * dsblcnt * ul0; 
wp * own2; “wp2 and wpl clock data from shift register” 
wp * ownl; “into proper output port. external connection” 
“from wpl to wplc and wp2 to wp2c is required” 


Figure 14. (4 of 5) 
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@INPUT VECTORS 
@OUTPUT VECTORS 
[dtw,ownl,own2] JKFFR 
low = 000b; 

{dtr] JKFFR 

dtrl Ob; 

dtrh 


@STATE 
[s2,sl, 
stated 
statel 
state2 
state3 
state4 
state5 
state6 
state7 


“bus start or stop condition required to leave state7” 
@TRANSITIONS 


while [state0] “start detected, ” 
if [cntr6é] then [statel] “wait for address” 


while [statel] “compare address & r/w bit” 
if [adrpl* sda] then [state4] with [ownl1] “addressed port to read” 
if [adrp2* sda] then [state4] with [own2] “addressed port to read” 
if [adrp5* sda] then [state4] with [ownl,own2] “addressed port to read” 
if [adrpl*/sda] then [state2] with [own1] “addressed port to write” 
if [adrp2*/sda] then [state2] with [own2] “addressed port to write” 
if [/adrp1*/adrp2*/adrp5] then [state7] “no address compare” 
if [adrp5*/sda] then [state7] “ignore port 5 for write” 


while [state2] “write port” 
if [] then [state3] 


while [state3] 
if [cntr7] then [state2] with [dtrh] “wait for 7 bits” 


while [state4] “read port” 
if [] then [state5] with [dtw] 


while [state5] 
if [cntr7] then [state6] “wait for 7 bits” 


while [state6] 
if [/sda] then [state5] “master acknowledged so send byte again” 
if [ sda] then [state7] with [low] “master not-acknowedged so release bus” 


Figure 14. (5 of 5) 
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INTRODUCTION 

The PML2552 device may be used to build a 
simple real time non-intrusive |2C bus 
monitor. This monitor displays all addresses 
and data sent on the bus as well as 
acknowledge and read/write bit conditions. It 
also outputs START and BUSY signals which 
may be used for synchronizing additional test 
equipment to the bus. The outputs of this 
monitor may be connected to a 
microcontroller for additional data formatting 
capabilities. 


A block diagram of this design is shown in 
Figure 1. This design is a modification of an 
I2C \/O port application using the PML2552. 
The input registers and multiplexor functions 
were removed from the |2C I/O port and the 
control state machine was modified to latch 
all addresses and data bytes acknowledged 
on the bus. Additionally, since the monitor 
does not drive the IC bus, the circuitry in the 
I/O port application that generated 
acknowledge bits during a read was also 
removed. Two signals, START and BUSY are 
generated by an asynchronous state 
machine. For detailed information on the 
derivation of these signals, the reader should 
refer to the PML2552 I2C I/O port application 
note (AN038). 


SHIFT REGISTER 

Referring to Figure 1 and Figure 3, an 8-bit 
shift register was constructed from 8 internal 
JK flip-flops. Addresses and data appearing 
on the I?C bus are clocked into this register. 
A state machine looks at this register, and 
clocks the byte into the appropriate output 
register for address or data display. The byte 
will only be clocked into an output register if 
an acknowledge of the address or data 
occurred. 


In addition to the shift register the state 
machine also looks at a three bit counter 
output to determine when a specific bit or 
data bytes are available. Using a counter to 
mark time instead of adding states to the 
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state machine can save device resources for 
other functions. A counter may be 
constructed very efficiently using JK flip-flops 
and this one uses a unique design which 
uses only three NAND gates in the PML2552 
flip-flop clock array, none in the foldback 
NAND array! The state machine is built using 
7 of the PML2552’s internal JK flip-flops. The 
state machine has an output, DSBLCNT, 
which holds the counter at zero for one clock 
cycle during the acknowledge bit time. 
DSBLCNT is also gated with a couple other 
signals to generate the clock pulse that 
updates the output registers. 


Two signals are involved in resetting or 
initializing the state machine and counter. 
They are called START and BUSY. These 
signals are generated from a circuit which 
detects the I2C bus start and stop conditions. 
Refer to Figure 2 to see the relative timing of 
these signals. If a bus master issues a 
repeated start condition, START will go HIGH 
initializing the state machine to begin looking 
for an address match. 


STATE MACHINE DETAILS 

After the BUSY line goes HIGH, the state 
machine will be in state 0. It simply waits in 
this state until the counter counts to six. The 
shift register should now contain the address 
sent on the bus. 


Upon the next I?C clock, the state machine to 
transitions to state 1. When the next |@C 
clock occurs, the RW bit status will be 
transferred to a register and an output pin. In 
addition, the RW bit will also be shifted into 
the shift register to be displayed along with 
the address when the shift register is clocked 
into the address display output port. The 
state machine will transition to state 2. 


Being in state 2 causes a signal DSBLCNT to 
go HIGH. This signal disables the counter for 
one count but also enables WP1 to clock the 
address and data into the display port upon 
the falling edge of the I2C clock. 
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After the address is found and latched into 
the output port, the state machine will 
transition to state 3. While in state 3 the state 
machine waits for the counter to count to 
seven, indicating that a byte of data is in the 
shift register. The state machine now 
transitions back to state 2 but sets a control 
bit named DATA. Once set, this bit can only 
be reset by another bus START condition or 
by a bus STOP condition. When the 
acknowledge clock pulse occurs, the byte in 
the shift register will be transferred to the 
data display output port. 


The state machine continues in a like manner 
transitioning between state 2 and state 3, 
latching data into the data display output port. 
When a bus STOP condition occurs, the 
state machine and counter circuitry will be 
reset, and will be held in the reset state until 
a bus START condition occurs. 


CONCLUSION 

This design combined several low level 
functions (counter, shift register, state 
machine, random logic) to produce a useful 
function using one programmable logic 
device. Although a microcontroller may be 
programmed to read addresses and data on 
the I@C bus, as the speed of the I°C bus is 
increased to 400 Kbits/sec the microcontroller 
will have difficulty doing anything else. 
Moving some high speed functions to 
hardware makes sense, allowing the 
microcontroller time to analyze and format 
the data . This design may be easily altered 
to provide for specific system requirements. 


A breadboard of this circuit was constructed 
for functional testing purposes. A listing for 
the design is shown in Figure 3. Additional 
circuit details are written as comments in the 
listing. A copy may be downloaded from the 
Philips PLD and Microcontroller Bulletin 
Board. The phone number is (800) 451-6644 
or (408) 991-2406. Use a modem set to 8 
bits, no parity and one stop bit. 
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Figure 1. Monitor Block Diagram 


START CONDITION STOP CONDITION 


Figure 2. Start and Busy Signal Timing 
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This design is for a PML2552 device. It configures the PML2552 to work 
as a simple real time non-intrusive I2C bus monitor. When connected to 
the I2C bus, one 8-bit output port displays addresses sent on the bus 
while another 8-bit port displays data. Additional output pins display 
address acknowledge, data acknowledge, rw mode, bus start condition, 
and bus busy status. 


SNAP 1.90 or later must be used to compile this file. 


” 


@PINLIST 

“inputs” 

scl i; “"I2€ clock” 

sda i; *"zr2C data” 

reset i; “reset input active LOW” 

wplc i; “connect this pin to wpl pin ” 
wp2c i; “connect this pin to wp2 pin ” 
“outputs” 

start b; “start pulse” 

busy b; “bus busy” 

aack 0; “address acknowledge” 

dack o; “data acknowledge” 

rwo o; “read/write” 

wpl o; “connect this pin to wplc pin” 
wp2 o; “connect this pin to wp2c pin” 


p2([0..7] o; “data display port” 
pl[0..7] 0; “address display port” 


@GROUPS 

adr = sr[6..0]; 

cx = c(2..0]; 

ct = c[{2..0]; 

port2 = p2[7..0]; “data display port” 
portl = pl[7..0]; “address display port” 
@TRUTHTABLE 


@LOGIC EQUATIONS 


port2.od = sr[7..0]; 
port2.clk = wp2c; 
portl.od = sr[7..0]; 
portl.clk = wplc; 


u2.clk = scl; 

u3.clk = scl; “8 bit shift register for input” 

u4.clk = scl; “of I2C addresses and data” 

u5.clk = scl; 

u6.clk = scl; “the state machine will clock address” 
u7.clk = scl; “or data bits from this register into” 
u8.clk = scl; “the appropriate output register after” 
u9.clk = scl; “eight bits have been clocked in” 

u2.set = /(start + /busy); 

u3.set = /(start + /busy); “this register is clocked by the I2C” 
u4.set = /(start + /busy); “bus clock” 

u5.set = /(start + /busy) ; 

u6.set = /(start + /busy); “reset or set signals are defined so SNAP” 
u7.set = /(start + /busy); “will use specific internal JK flip-flop” 
u8.set = /(start + /busy) ; 

u9.rst = /(start + /busy) ; 


Figure 3. (1 of 3) 
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u2.j 
u2.k 
u3.4 
u3.k 
u4.4 
u4.k 
us ..4 
u5.k 
u6.4 
u6.k 
764 
U7 .x 
ug. 4 
u8.k 
u9.4 
u9.k 


sr[0..7] 


=. 


PREP 


uuustart 
start 
start .oe 


uuuy0 


uuuyl 


state2i 


dsblent 


62.set 
sl.set 
s0.set 
data.rst 
rw.rst 
acka.rst 
ackd.rst 


* %e Ne 


‘ese Me 


sda; 
/sda; 
u2; 
/u2; 
u3; 
/u3; 
u4; 
/u4; 
05;; 
/us; 
u6; 
/ué6; 
u7; 
/uT; 
ug; 
/u8; 


= u[2..9]; 


”“3-bit binary counter” 
“outputs are connected to state machine” 


/(/busy + start); 
/(/busy + start); 
/(/busy + start); 


/(/dsblent * /scl); “counter uses NAND gates in” 
/(/dsblcnt * /scl * cO); “clock NAND array, not in” 
/(/dsblent * /scl * cO * cl); “foldback array” 


/scl + uuuy*/sda; “start condition pulse” 
/uuuy* /sda*scl; 

uuustart; 

1; 


uuuyl*/sda + uuuyl*/scl “bus busy signal is HIGH” 
/sda*/scl + /uuuyl*uuuy0*sda “from start to stop conditions” 
uuuy0*/scl + /reset; 

uuuyl*uuuyOd + uuuyl*/scl 

/uuuy0*sda*/scl + uuuyl*/sda + /reset; 


+ i ++ il 


/uuuyl*uuuyd + /uuuyl*/sda; 


S2*/S1*S0; “duplication of state definition to be used” 
“in following equation” 


state2i; “dAasblcnt HIGH when in state2” 


/ (start /busy) ; “reset state machine upon start” 

/ (start /busy) ; “condition and whenever bus is” 

/ (start /busy) ; “not busy (stop detected) .” 

/ (start /busy) ; 

reset; “rw displays read or write bus operation” 
reset; “acknowledge address” 

reset; “acknowledge data” 


Figure 3. (2 of 3) 
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62.clk “clock state machine from I2C bus clock” 
s1.clk 
s0.clk 
data.clk 
rw.clk 


acka.clk 


“state maachine reads counter to wait” 
= ; “for specific bits” 


dsblent * /scl * data; “write data to port2” 
dsblcnt * /scl * /data; “write address and rw bit to portl1” 


Iw; “pins mirror values of internal flops” 
aack=acka; 
dack=ackd; 


@INPUT VECTORS 

@OUTPUT VECTORS 

[rw, data, acka, ackd] JKFFR 
low = 0000b; 


@STATE VECTORS 
[s2,81,s0] JKFFS 
stated 111b; 
statel 110b; 
state2 LOI: 
state3 100b; 


@ TRANSITIONS 
while [state0] “start detected” 
if [cntr6é] then [statel] “wait for address” 


while [statel] “check polarity of rw bit” 
if [sda] then [state2] with [rw] “addressed port to read” 
if [/sda] then [state2] with [/rw] “addressed port to write” 


while [state2] “display port data” 
if [ sda*/data] then [state3] with [ acka] “display address ack” 
if [/sda*/data] then [state3] with [/acka] 
if [ sda* data] then [state3] with [ ackd] “or data acknowledge” 
if [/sda* data] then [state3] with [/ackd] 


while [state3] 
if [cntr7] then [state2] with [data] “wait for 7 bits” 


Figure 3. (3 of 3) 
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| 
[10|I6 I/012 | 60) 
{11|I5 I/013|59) 
[12|14 I/014|58] 
{13/53 T/015|57] 
[14|I2 CKE2 | 56] 
[15 |GND4 vec2 |55] 
(16|I1 BO|54] 
{17|I0 B1|53] 
[18 |SCM B2|52] 
[19|SCI B3|51] 
(20 |I/CKD3 B4|50] 
[21|vcc4 GND2 | 49] 
{22 |I/CKD2 B5 | 48] 
[23 |I/CKD1 B6| 47] 
[24|I/CKB/CKC B7 | 46] 
{25|PD I/DAO | 45] 
[26|1I/DB7 I/DA1 | 44] 

| | 
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Figure 4. Bus Monitor Pin Layout and External Connections 
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INTRODUCTION 

In many laboratories and institutions one can 
still find many PCs or similar computer 
equipment which are not connected via a 
network. There is often a need for occasional 
communication and data exchange in these 
cases and this application note describes a 
inexpensive solution, allowing 
intercommunications of up to eight stations. 


The specific goal of this design was to 
connect six PCs and two PLD-Programmers 
in such a way that any two of them could 
communicate. Each of these devices has a 
serial interface (RS 232), which may be 
connected to another device in a null modem 


Figure 1. 
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Connector—Station 1 


configuration by connecting the TrD (Transmit 
Data) and ReD (Receive Date) lines of the 
two selected stations. With the addition of 
readily available software for the PCs that 
handshakes using a XON/XOFF protocol, the 
design realizes a digital switching network. 


The main part of the developed design 
represents a MUX-DEMUX-circuit realizing 
the primary switching network. One 
Multiplexer for each direction switches the 
TrD line of an activated station to an internal 
crosspoint and a Demultiplexer connects it to 
the RcD wire of the corresponding station. 
The choice of the stations to be connected is 
set up by the user via mechanical switches, 


Nulimode, XON/XOFF protocol 
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so that an additional priority encoder has to 
guarantee the activation of only two stations 
at a time. In order to display the actual status 
of the switching network, two decoders are 
added which can drive 7-Segment-Displays 
directly and indicate the actual connection. 


Figure 1 shows the basic interconnection to 
be realized by the switching network and the 
structure of the complete design is shown in 
Figure 2. Beside the Line Buffers (DS 232) 
the complete design was to be implemented 
using just one programmable logic 
component. A Philips Semiconductor's 
PLHS501 proved to be an excellent choice 
for this design. 


Connector—Station 2 


Interconnection via RS232 for a Simple XON/XOFF Protocol 
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Figure 2. Internal Structure of the Switching Network 


Select active 
stations 
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BASIC OPERATION 


Link Control and Priority 


Encoder 

The first module of the design is the link 
control unit. As inputs it has eight selection 
signals indicating the choice of two stations 
which are to be connected. This primary 
selection will be converted to internal control 
signals for the switching network by the link 
control. As outputs there are 2x8 signals ( 8 
for each direction of data flow) controlling the 
multiplexer and demultiplexer directly. 


In addition to the basic function, the link 
control has to ensure that just two stations 
are connected with each other, even if more 
are activated by the switches. In order to fulfill 
this constraint there has been implemented 
an implicit priority encoder satisfying the 
following rules: 

@ if just two stations are chosen by the 
switches (the normal case) then an 
interconnect of these stations will be 
established; 


® if only one switch is set active, the 
transmission signal of this station is 
directed to the Receive line of the same 
station (self test); 


® if no switch is activated no interconnection 
is set up at all; 


© if more then two switches were set to the 
‘Active’ level just the two stations with the 
highest and lowest number ( Station 0, 
Station 7 — highest priority) are 
interconnected with each other. 
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Realizing such privileges the appropriate 
function of the switching network is 
guaranteed in a way, that never more then 
two stations are linked together. 


Multiplexer 

Two multiplexers are the first part of the 
internal switching network. Directly controlled 
by the output of the link control module the 
multiplexers have the task to switch the 
transmission line of a selected station to an 
internal crosspoint. Since both directions of 
data flow are to be supported, two 
multiplexers exist which link the TrD lines to 
the crosspoints PD and PR respectively. 


Demultiplexer 

The second part of the digital switching 
network is formed by two demultiplexers. 
While the multiplexers have to link the active 
transmitter to central crosspoints, the 
demultiplexers connect these internal nodes 
with the RcD line of the corresponding 
counter station. The links to be established 
are as well controlled by the link control 
module and in the result each set of 
multiplexer/demultiplexers realizes an 
interconnection between any TrD and RcD 
signal lines. Since two of these sets are 
contained, both directions of data flow can be 
satisfied and a logical OR-operation of both 
demultiplexer outputs completes the 
switching network. 


Status Display 

A display was added to the basic function to 
show the actual interconnection. Since the 
original task was to connect eight stations 
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with each other two numerical displays were 
used to display just the number of the two 
active ones. In order to accomplish this 
function two identical decoders were created. 
The decoders read directly the eight control 
signals from the link control module and in 
correspondence to the active line they drive 
the displays with numbers 1 to 8. For the 
case that no station is selected, the displays 
will blank. 


THE PML-ARCHITECTURE 

Circuits with a PML-structure represent an 
architecture that can replace all typical PLDs. 
In contrast to PAL and PLA circuits which use 
AND and OR gates, PML is composed of just 
one programmable logic array using only 
NAND gates. The outputs of each gate folds 
back upon itself and all other NAND gates. 
Inputs, outputs and bi-directional pins are 
available in the same way as they are in 
other PLDs. 


The general PML-architecture is shown in 
Figure 3. It is possible to realize any logical 
function block with this architecture. An 
example of implementing a D-type Latch is 
shown in Figure 4. Efficient design 
implementations require a certain design 
style and software that includes an 
appropriate simulator, optimizer and compiler. 
Such tools are contained in the 
PLD-Development Software SNAP, which 
can be used to implement designs within a 
short period of time for PML as well as for 
other programmable logic devices. 
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Figure 3. The Basic Architecture of PML-Circuits 


Figure 4. Realization of a D-Latch by a PML-Architecture 
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A DESIGN TOOL FOR 
PML-CIRCUITS (SNAP) 


Design implementation for PML as well as of 
other programmable logic ICs is supported 
by the Software tool SNAP. This program 
package, offered by Philips Semiconductors, 
guides the user through the complete design 
process beginning with the design description 
up to the automatic generation of final 
programming data and a corresponding test 
vector file. For the initial description of 
designs several entry tools are available. 
First there is the opportunity to create a 
network description via a schematic editor 
(e.g. OrCAD SDT). Alternatively SNAP 
defines a specific HDL (Hardware Description 
Language) and by using this method, a 
design description may be given in terms of 
Boolean equations, truth tables or FSM 
(Finite State Machines) syntax. 


Whichever entry method is used becomes 
converted into an internal network description 
in a following step. The internal network 
format is similar to the EDIF-format and it 
corresponds with the data formats used by 
Philips Design Station for ASIC development. 
So it is also possible with SNAP to import 
designs given as EDIF-network descriptions 
and moreover the internal format keeps open 
the choice of a PLD or a Gate Array design 
implementation. Finally SNAP contains a 
minimzer module can optimize the Boolean 
function thereby increasing the quality of the 
design implementation, sometimes 
significantly. 


After a description has been created, the 
point of interest is to verify the correct 
operation of the design. For this purpose 
SNAP has included an easy to use digital 
simulator. The simulator, LESIM3, is 
contained in SNAP as well as in the Philips 
Design Station which has been used for 
ASIC-development for many years. 


Basically LESIM3 supports the simulation of 
abstract network descriptions as well as of 
concrete circuit models. The simulator either 
assumes a constant, propagation delay value 
for a given, bare network or it can consider 
the real timing relations if the model for a 
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certain IC is available. The stimuli for a 
design simulation can be generated by an 
interactive, graphical wave form entry or a 
textual stimuli description. The graphical 
entry is very easy to handle and leads quickly 
to appropriate stimuli for smaller designs. The 
other choice, the textual notation of stimuli, 
bases on an own simulation control language 
(SCL) of LESIMS and it allows the compact 
description of sophisticated sequences for 
extensive design verification. This opportunity 
serves more the needs of experienced 
designers and in correlation with fault 
simulator, test pattern generator, model 
generator and other options it makes possible 
all kinds of functional simulation and test. 


The goal of design development software is 
the generation of ICs realizing an application 
specific function. Since the initial design 
description in SNAP is device independent, 
one task is to select a specific component. 
Even the choice of a PLD is made easy by 
SNAP, since all available devices are listed 
directly on the screen together with their most 
relevant data. After the designer has decided 
which PLD to use, there is only left the task of 
specifying pinning of the device. An initial pin 
assignment is suggested by SNAP 
automatically, which can be revised in an 
interactive process directly on the graphical 
presentation of the device. 


If all assignments are done, the ultimate 
design step is the compiler run. Automatically 
the compiler tries to map the given network 
on the selected PLD-architecture and in case 
of success a programmer file is generated 
(the format of programmer file follows JEDEC 
No.3A standard). This file can be downloaded 
onto a device programmer directly from the 
SNAP-shell, so that the IC-implementation 
can be completed immediately by 
programming the physical device. If on the 
other hand the compiler fails in its run the 
appeared problems will be listed in a status 
file and in this way the designer gets hints 
how to modify the design for a successful 
compilation. Especially in these cases SNAP 
has an essential advantage, since the 
SNAP-shell with its clear structure (Figure 5) 
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allows additional design iterations quickly and 
furthermore automated. 


DEVELOPMENT OF THE 
SWITCHING CONTROL UNIT 
WITH SNAP 


Design Description 

The general functionality of the intended 
switching network has been outlined already 
in section two. There, the complete design 
has been subdivided into basic modules, of 
which the logical function can easily be 
described by boolean equations. Therefore it 
makes sense to use the ‘Equations’ entry of 
SNAP for design description and activating 
this module from the SNAP-shell an editor 
makes it possible to fill in a script of an empty 
HDL-file. Using the Equation-entry any 
design definition has to follow the specific 
HDL-syntax of SNAP and Figure 6 shows this 
description for the complete design. 


Referring to the listing (Figure 6) the basic 
structure of HDL-files can be demonstrated. 
The first section ‘@PINLIST' serves for the 
definition of primary inputs, outputs and 
bi-directional pins of a design. Just the 
names of the ports and the port types are 
fixed here. After declaring the |/O-part the 
section ‘@LOGIC EQUATIONS’ contains the 
definition of the designs functionality. In this 
part the output is to specify in terms of 
boolean equations, in which inputs, 
intermediate signals and logical operators 
can be used. The basic operators are AND 
("’), OR ('+’), NOT (7) and EXOR (’:+:’), but 
more abstract operations are available too. 


Within a HDL-file additional sections can be 
used for describing truth tables and finite 
state machines, but since they are not 
necessary for the switching network they are 
not explained here. Finally it should be 
mentioned that any project file in SNAP gets 
a specific file name extension upon 
completion of each development stage, so 
that the created Equation-file is marked with 
‘EQN’ and the project file is named as 
NullMod.Eqn. 
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Project : DECODERO 15:48:01 


Waveforms Compiler 


Use cursor keys to select module 
Use function keys to enter command 


Figure 5. Snap Shell 
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@PINLIST 
Sel0 
Sell 
Sel2 
Sel3 
Sel4 
Sel15 
Sel6 
Sel7 
TrDO 
TrD1 
TrD2 
TrD3 
TrD4 
TrD5 
TrD6 
TrD7 
RcDO 
RcD1l 
RcD2 
RcD3 
RcD4 
RcD5 
RcD6 
RcD7 
DisplA 
Disp1B 
Disp1C 
Disp1D 
DisplE 
Displ1F 
Disp1G 
Disp2A 
Disp2B 
Disp2C 
Disp2D 
Disp2E 
Disp2F 
Disp2G 


Se Me Ve Ve Yu Vs Ve Vo 


Se Ve 


Se Ne Ve Ve Ye Va Vo Ve 


. 6 


Se Ne Ve Ne Ne No Ve Se Ve Ve Ve Vo Ve Va Ve Ne Ve 


CODD DDOOVOOOKDOKOOOOCOOOOOOHHHHHHHHHHHHHHHH 


7s 


@LOGIC EQUATIONS 


Sel0 ; 

/Sel10 Sell; 

/Se10 /Sell Sel2; 

/Se10 /Sell /Sel2 * Sel3; 

/Se10 /Sell /Se12 /Sel3 * Sel4; 

/Se10 /Sell /Sel12 /Se13 * /Sel4 * Sel5; 

/Sel10 /Sell /Sel2 /Sel3 * /Sel4 * /Sel5 * Sel6; 

/Se10 /Sell /Sel2 /Se13 * /Sel4 * /Sel5 * /Sel6 * Sel7; 


TrDO * SsO + TrD1 * Ssl + TrD2 * Ss2 + TrD3 * Ss3 + 
TrD4 * Ss4 + TrD5 * Ss5 + TrD6 * Ss6 + TrD7 * Ss7 ; 


Ss0 
Ssl 
Ss2 
Ss3 
Ss4 
Ss5 
Ss6 
Ss7 


Sel7 ; 

/Se17 Sel6 ; 

/Sel7 /Sel6 Sel5 ; 

/Se1l7 /Sel6 /Sel5 * Sel4 ; 

/Sel7 /Sel6 /Se1l5 * /Sel4 * Sel3 ; 

/Se17 /Sel6 /Sel5 * /Sel4 * /Sel3 * Sel2 ; 

/Se17 /Sel6 /Se1l5 * /Sel4 * /Sel3 * /Sel2 * Sell ; 

/Sel17 /Sel6 /Sel5 * /Sel4 * /Sel3 * /Sel2 * /Sell * Sel0O; 


TrD7 * Se7 + TrD6 * Se6 + TrD5 * Se5 + TrD4 * Se4 + 
TrD3 * Se3 + TrD2 * Se2 + TrD1l * Sel + TrDO * SeO; 


Figure 6. The Complete Design Description for the Switching Network Circuit (1 of 2) 
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Se6 
Se5 
Se4 
Se3 
Se2 
Sel 
Sed 


nNwnN Ww 
nn on 
& UO 


Ss3 
Ss2 
Ssl 
Ss0 


nunnuu tt 
++ + + F + HF HF 
++ + + & + F F 


Se Ve Ve Ve Ve Ve Be Ve 


Se2 
Sed 


Se3 + Se4 + Se5 + Se6 ); 

Se2 + Se3+ Se5 + Se6 ); 

Se0 Se2+ Se6 ); 

Sed Se4 + Se5 + Se6 ); 

Se0+ Se2 + Se3+ Se5 + Se6 + Se7 ); 

Se0 + Sel + Se2 + Se4+ Se7 ); 

SeO + Sel + Se3 + Se5 + Se6 + Se7 ); 


t+Htee +H teeteteet 


/( 
/ ( 
rt 
/( 
/( 
/( 
f{ 
/( 
/( 
/( 
/( 
# 
/( 
/( 


Ss2 + Ss3 + Ss4 + Ss6 ); 

SsO + Ss2 + Ss3 + Ss6 ); 

Ss0O + Ss2 + Ss6 ); 

Ss0+ Ss4 + Ss5 + Ss6 ); 

SsO + Ss2 + Ss3+ Ss5 + Ss6 + Ss7 ); 

SsO + Ssl + Ss2 + Ss3 + Ss4 + Ss7 ); 

SsO + Ssl + Ss3 + Ss4 + Ss5 + Ss6 + S87); 


Figure 6. The Complete Design Description for the Switching Network Circuit (2 of 2) 
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Generation of an Internal Netlist the given HDL-file into an EDIF like netlist out coming netlist file with the name 
As already mentioned, each design description, while the merger has no essential NullMod.Net (project name with extension 
description within SNAP becomes converted meaning for this design. It is rather important ‘ NET’) forms the bases for the following 
into an internal netlist format first. In general for larger, hierarchical designs, where this simulation and for the compiler. That's why a 
this step is carried out automatically just by module has to merge several function blocks _ part of the resulting netlist is shown in 
activating the corresponding program module __ into one, flat netlist. Figure 7 for demonstration of this important, 
ante: Rot the actual design ms means to start —_ Regardless of design complexity, the merger enatnal tile tonal 
the ‘Net Converter’ and the ‘Merger’ in has to be executed for each design and the 


succession. The network converter translates 


RKKKKKKEKKKKEKKKKKKEKEKKEKEKKEKEKKKEKEKEKKEKKKEKEKKKKKKKKK 


* Output of Merger Version 1.60 * 

* Date: 10/ 1/1993 Time: 14:26:44 * 
RAKE KEKKEKKEKEKEKKEKEKKEKEKKEKEKKEKKEKKEKEKKEKKKKEKEKKEKK 
* Input File Name: NULLMOD . MAC * 


* Netlist File Name : NULLMOD .NET * 
KKK IK IKK IIHT IK IKI IKI IIH IKK KEKE ERA AA 


* 

NETSTART 

* 

SS1 AN2 I(N48 1,Sel1) 0(SS1) 

B48 1 INV I(Sel0) O(N48_1) 

SS2 AN3 I(N49_1,Se12,N48_1) 0(SS2) 

B49 1 INV I(Sell) 0(N49 1) 

SS3 AN4 I(N49 1,N50_1,Se13,N48_1) 0(SS3) 
B50_1 INV I(Sel2) O(N50O_1) 


+ 
# 


# 
Disp2B NO6 I(Sel10,SS1,SS2,SS3,SS4,SS7) O(Disp2B) 
Disp2C NO7 I(Se10,SS1,SS3,SS4,SS5,SS6,SS7) O(Disp2C) 
* 


NETEND 

* 

NETIN Sel0, Sell, Sel2,Se13,Se14,Se15,Sel6,Se17,TrDO, TrD1,TrD2, 
#TrD3,TrD4,TrD5,TrD6, TrD7 

NETOUT RcDO,RcD1,RcD2, RcD3, RcD4, RcD5, ReD6, ReD7, 
#Disp1C,Disp1B,DisplA, Disp1F,DisplE, Disp1D, Disp1G, 

#Disp1C, Disp2B, Disp2A, Disp2F, Disp2E, Disp2D, Disp2G 

* 


Figure 7. The Netlist File NullMod.Net 
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Design Simulation 

The simulation of a design is an important 
step in the development of each circuit . 
Beside the bare functional simulation, the 
actual device timing relations, the testability, 
and last but not least an appropriate test 
pattern needs to be generated. All these 
functions can be realized by SNAP, even if 
only the basic procedure is demonstrated 
here. 


Working with SNAP the first step is to convert 
the netlist into a more compact format easier 


to read for the simulator. This will be 
accomplished by starting the program module 
‘SIMNET'’ and as a result a binary file with the 
name NullMod.Bin becomes created. 
Additionally a stimuli file NullMod.Scl will 
automatically be generated too. These 
automatically generated stimuli are quite 
arbitrary and so it is advisable to modify them 
by the module ‘WAVEFORMS ' or by the 
available text editor. Are the binary design file 
and the stimuli file present the real simulator 
‘SIMSCL’ can be run and the simulation 
results are stored in a project file ending with 


‘RES’ (NuliMod.Res for the switching 
network). These results can either be 
visualized graphically on the screen by 
‘PLOT’ or printed out by the program module 
‘SIMPRT’. 


A complete simulation takes a good deal of 
work for any design and it can become quite 
extensive. That's why only a small part of the 
stimuli file for the switching network shall be 
shown here for demonstration (Figure 8) and 
Figure 9 shows the corresponding section of 
the graphical simulator output. 


KRKKKKEKKKKEEKKKEEEEEKEKEKEEKEKKEKEKKKEEEEKEKKKEEKKEEKEKEEKKKKEKKKKEK 


* Output of Updsirn Version 1.00 = 

* Date: 10/01/93 Time: 14:27:02 * 
KEKKKEKEKKEKKEKEKEKKEKEKEKKKKEKKEKEKEKEKKEEKEKEKKEKEKEKKKKKKKKKKKEK 
* Input File Name: NULLMOD . NET * 


* Output File Name: NULLMOD .SCL * 
KKK KKK KKK KKK RK KEK EK KEKE KEKE KERRIER REE ERE 


P SelO, 


(500) 
(1000) 
(1700) 
(2500) 
(2800) 
(3100) 
(3500) 
(4000) 


SU time = 


Sell, Sel2, Sel3, Sel4, 


Sel0 
Sell 
Sel2 
Sel3 
Sel4 
Sel5 
Sel6 
Sel7 


5000 


Se0, Sel, Se2, Se3 


Figure 8. A Section of the Simulator Stimuli for the Verification of the Design 


File: NULLMOD.RES 


500 
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1000 


1500 


Sec/Div = 100ns 


Figure 9. Graphical Presentation of Simulator Output 
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The Compiler 

The final aim of the design process is to 
generate a data file in order to customize 
programmable logic devices with the 
functionality of the developed design. The 
programming data format generated by 
SNAP follows the international standard 
JEDEC No. 3A, which is widely accepted and 
used in industry and research. 


The compiler block of SNAP has the task to 
map a given, verified netlist onto a certain 
device architecture and to convert the result 
into a JEDEC file readable by a device 
programmer. In order to do so a specific 
device should be chosen and a pin out 
selected. For this design, a PLHS501 is 
chosen within the program module 
‘DEVSELECT and the Pinning needs to be 
entered with ‘PINSELECT'’ in correspondence 
to that of Figure 10. After running these two 
programs, the compiler can be started which 
fits the design into the chosen device. In case 
of problems during the compilation an error 
file ( with extension '.ERR’ ) will be generated 
reporting errors, warnings and information 
about necessary modifications to the initial 
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design. But for the design of the switching 
network the compiler finishes its work with 
success resulting in a JEDEC file named 
NullMod. Jed. This file can now directly be 
used to program a PLHS501 or it can be 
modeled for a final timing simulation. 


PROGRAMMING OF THE 


PLHS501 

Among other alternatives the UP2000 device 
programmer represents an interesting, 
efficient tool for the development of 
programmable logic especially in laboratories 
and smaller enterprises. Manufactured for 
use in PC environments it consists of an 
expansion board for PCs (8-Bit Slot), an 
adapter box, several adapters for mounting 
various package layouts, and corresponding 
programmer software. This device 
programmer and associated software 
supports all of the programmable logic 
devices that are contained within the SNAP 
library, so that the UP2000 is the ideal 
companion for the SNAP development 
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system. The programmer software is mostly 
self explanatory and with some skill it can 
directly be included into the SNAP shell. 
Using the JEDEC file from SNAP and a 
UP2000 to program a PLHS501 revealed no 
problems at all. The programming of the 
design of the switching network into the 
PLHS501 was finished within one minute. 


SUMMARY 

The design of a digital switching network as 
described here was implemented within just 
one Philips PLHS501. Adding some 
buffer/drivers and the necessary switches 
and display elements completed the design to 
a working application. It was tested within a 
laboratory of 8 PCs, which were 
interconnected by the switching network via 
their standard serial interfaces. By changing 
the switches, any of the computers could be 
interconnected and using communication link 
programs such as LapLink or Norton 
Commander, a simple data transfer method 
was realized. 
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Figure 10. Schematic of the Complete Switching Network 
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INTRODUCTION 

This paper presents the design of an 
accelerator that increases microcontroller 
performance without resorting to multiple 
expensive high speed memory chips or a 
high-cost superscalar controller. The design 
of a data acquisition unit, similar to a logic 
analyzer, is presented as an example. The 
task of the analyzer is to capture and respond 
to data, sampled at a rate faster than the 
microcontroller can operate. 


Data capture is a hardware-intensive function 
— it is difficult using software to synchronize 
controller operations with external data and 
balance memory requirements. On the other 
hand, formatting captured data and outputting 
it for display is best done in software. The 
accelerator exploits these characteristics by 
using a programmable logic device with the 
microcontroller. This partitions data 
acquisition and display into fast 
hardware-intensive and slower, 
software-intensive functions. 


What is Microcontroller 


Acceleration? 

Microcontroller acceleration is anything that 
makes a microcontroller appear to operate 
faster. Accelerators are special purpose 
hardware units that perform a time critical 
task that a microcontroller cannot. In the 
microprocessor world, accelerators have 
been hardware arithmetic units, simulation 
engines or graphics engines. The accelerator 
works with the microcontroller, either 
intercepting the time critical activity 
automatically (coprocessor), or acting when 
requested by the microcontroller. 
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To illustrate, an arithmetic coprocessor 
automatically intercepts multiply and divide 
instructions, which slow down an integer 
based microprocessor. The coprocessor does 
the arithmetic operations with special purpose 
state machines and floating point hardware. 
A simulation engine performs high speed 
logic evaluations and operates directly on a 
circuit model contained in memory. Graphics 
engines operate directly with the display 
memory, performing the basic housekeeping 
and bit transformations with special purpose 
hardware. Each acceleration device permits 
the host processor to execute other code 
while the accelerator operates at high speed 
doing its special purpose activity. 


SYSTEMATIC APPROACH TO 
ACCELERATION 


Can we systematically design hardware 
accelerators? The answer to that question is 
— probably. The standard approach is part 
science and part art, much like system 
partitioning. In fact, accelerator definition 
tracks functional partitioning in many ways. 


The microcontroller system must be designed 
by first identifying microcontroller activities 
and those that must be done externally. The 
same approach is used for microprocessors 
as for microcontrollers, and will be shown by 
example. 


Matching a microcontroller or microprocessor 

to a target task involves several steps. 

1. Identify tasks that must operate at full 
speed and tasks that can operate slower. 
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2. Identify operations that are most efficient 
when handled by microprocessor data 
paths and those that must be outside, 
handled by high speed logic. 


3. Maximize tasks that can be done by 
software and minimize tasks that must be 
done by application specific hardware. 


4. Identify which tasks must operate with 
custom hardware because of their 
asynchronous nature. 


Much of the task partitioning is intuitive, but 
some may be quantitatively derived. For 
instance, the cycle time of the 
microprocessor is a constraint. Any activity 
that occurs in less time than the cycle time of 
the processor must by handled by hardware 
that can respond quickly enough. Any activity 
that is not critical is a candidate for being 
handled by the microprocessor. 


The key to success in acceleration is 
correctly identifying the tasks that must be 
done at speed and those that can wait. This 
is the first partition. 


The next step is to identifying slow and fast 
datapath operands. For instance, initializing a 
counter or a comparator may be done slowly, 
but the counting and comparing operations 
must occur at full speed. Isolating these kinds 
of operations is another partition. 


Additional steps may or may not be needed. 
However, synchronizing signals that are 
asynchronous is very difficult for controllers to 
do unless the signals are extremely slow and 
the degree of synchronization is loose. 
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AN EXAMPLE 

Let’s look at an example taken from the 
instrumentation world. Most digital engineers 
are familiar with logic analyzers, because 
they use them for digital system debug. The 
idea is to make an add-on unit for a personal 
computer, using the PC’s abilities to manage 
and display data. However, the PC cannot do 
high speed data capturing or triggering 
(stopping the data capture), unless 
ridiculously low speeds are the goal. For a 40 
MHz data capture rate, these tasks must be 
done by a second processor, passing data 
frames to the PC. This unit, shown in 

Figure 1, could even be inexpensively 
designed into a system that might benefit 


DOOOOOOOODoOoO0NC I 

CI000000000000 
OCIOO0O0O00000000 
CIDO0OOOOOO00RT 4 
ATS, 
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from remote access diagnostics. Clearly, it 
can operate stand-alone, as well. 


To handle the 40 MHz data rate, samples 
must occur every 25 nanoseconds, and be 
stored in consecutive RAM locations. The 
RAM will hold a sampled time image of probe 
voltages captured by the analyzer. Just 
passing the data into the RAM is no problem, 
but an address counter must manage the 
RAM. We'll assume a 20 nanosecond SRAM, 
giving some time margin. 


There are RISC processors today, that could 
pass data through them and update counters 
near this rate. However, that is not all that 
must be done. This is the tough part — each 


LOGIC 
ANALYZER 


Figure 1.PC Based Logic Analyzer 
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data item must be examined if a pretriggering 
feature is implemented. 


Pre-triggering permits the analyzer to 
recognize a data item, and when recognized, 
stop capture. This important feature permits 
designers to isolate bugs, and find what 
caused them. An important added feature, is 
time delayed stopping. 


Time delayed stopping permits more data 
capture after the trigger event, allowing 
assessment of the results of a bug. Time 
delayed stopping must be done at full 
hardware rates to be effective. It gets 
complicated. 


SYSTEM 
UNDER 
TEST 
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Now, let’s outline the tasks to be done. 
1. The logic analyzer must be enabled by 
the PC. 


. Each sample must be captured, and 
examined. 


nm 


aw 


. In parallel, a RAM address must be 
calculated. 


_ 


The data must be stored at the address. 


de 


If the data matches a trigger value, a time 
delay procedure must be started. 


@ 


Samples must continue to be captured 
and addresses calculated. 


~ 


When the time delay value is reached, 
sample capture is to cease. 


Ned 


The PC must be informed that sample 
capture has ceased. 


ad 


At this point, the PC assumes control and 
reads back the RAM for display. 


Everything is possible for a fast RISC to 
perform up to step four, when a trigger event 
occurs. At this point, the complexity increases 


CLOCK 
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to the point that at least four tasks occur 
simultaneously. Examining the sample, 
storing it, updating the address and the delay 
must occur in one 25 nanosecond period, to 
keep up with arriving samples. This suggests 
hardware speeds are required, and sets the 
speed of the events to occur. Since each task 
can be done within the same 25 nanosecond 
period, the next sample can arrive and be 
handled. Even if the RISC could keep up with 
the tasks, it would be a prohibitive solution (at 
least one thousand dollars) for processor and 
memory. Twenty nanosecond SRAMs aren't 
cheap, and fast 32-bit RISCs need several of 
them. 


Even by restricting the analyzer to an 8 bit 
one, doesn't help much. RISC processors of 
this speed are inherently 32 bits wide. This 
motivates us to find an alternative solution. 
We'd like to make a unit for less than 100 
dollars and fifty is preferable. 


First, let's partition the problem into two 
pieces, on-line tasks and off-line tasks. 
On-line tasks are those that occur during data 
capture, and must meet the 25 nanosecond 


ADDRESS 


READ/WRITE 
CONTROL 


Figure 2. Logic Analyzer Block Diagram 
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time constraint. Off-line tasks are those that 
occur when the heat is off, and have no 
particular time constraints beyond “user 
friendly” speeds. 


Enabling the analyzer, reading back the RAM 
contents and dealing with the PC are off-line 
tasks. Sample capture, store and triggering 
activities are on-line tasks. The design must 
do the on-line tasks in pure hardware and the 
off-line tasks in micro-controller software. 
Figure 2 shows the microcontroller and data 
capture unit along with an SRAM. 


By isolating the high speed operations into 
application specific hardware, forming an 
accelerator, a large class of inexpensive 
microcontrollers can meet the needs of the 
off-line tasks. First, because the needs of this 
example are only for 8 bit data, we'll use an 8 
bit microcontroller. A microcontroller with 
enough I/O ports and the ability to do the 
off-line tasks in a single chip will be the most 
desirable. Off-line tasks include managing the 
sample RAM, communicating with the PC 
and enabling or disabling the accelerator. 
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Control 


MICROCONTROLLER 
SELECTION 


The design requires serial access to the PC, 
and at least four ports for handling the 
accelerator. These requirements are met by a 
single 8051 type microcontroller. Because 
8051s are inexpensive and readily available, 
let's pick one that has an additional feature — 
speed — ensuring an enjoyable user interface 
for off-line activities. The 33 Mhz version of 
the 8051, offered by Philips Semiconductors 
meets the basic needs. 


An interesting aspect of the 8051 family, is 
that there are so many derivative parts. The 
design presented here, can be adapted in 
many ways to meet other needs. For 
instance, | picked the 33 MHz version, 
preserving user frustration. | could have 
picked the 80CL410 for low power, the 
87C751 to minimize the size, or the 87C451 if 
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Four I/O Ports 


Po P2 Pi = P3 
lh pe 


Address/Data 


Figure 3. The 80C51 


| needed more I/O ports. Other family 
members have fewer ports (in smaller 
packages) and built in A/D converters. For 
our needs, we'll simply pick the fastest 
microcontroller, the 80C51. Figure 3 shows 
the architecture of the 80C51. If the unit was 
to be portable for a notebook or palmtop PC, 
the chosen 8051 would probably be different. 


ACCELERATOR HARDWARE 
SELECTION 


The accelerator (data capture unit) is another 
issue. First, it must be able to do the tasks 
described as on-line, and it must do them in 
25 nanoseconds. This should not be 
confused with a pin to pin propagation time of 
25 nanoseconds, but simply at a rate tracking 
25 nanosecond samples. As long as the RAM 
addresses and the captured data arrive at the 
SRAM together — at a rate equal to 40 MHz — 
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Counter 
Inputs 


the analyzer tracks the samples. It is 
important to update the counter at the sample 
rate, as well as time delay a pretriggered 
sample at the same rate. This is easily done 
with an FPGA type part or a complex PLD. 


For this task, | picked a Philips 
Semiconductors PML 2852 (Figure 4). The 
PML 2882 includes 8 bit registers which 
operate as input data synchronizers and uses 
JK flip flops for internal counters. The PML 
2852 has 52 JK and D type flip flops, with 
over a hundred very wide Nand gates inside. 
The data rate of 40 MHz is well below the 
PML 2852 system clock rate. Interconnect 
routing is not a problem because of the fully 
connectible foldback architecture. In all, the 
PML 2852 provides enough flip flop and gate 
resources in an 84 pin package, to form the 
needed comparators, counters, multiplexers 
and timers to complete the accelerator. 
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Figure 4. PML2852 Detail with SNAP Resource Summary Designations 
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FROM MICROCONTROLLER CONTROL PORT BIT 


OCKIN. TIED TO PROBELOAD 
|CLOCKIN 


To Count8 Clock Input 
FROM COMPARATOR . To Memory Write ENA 
ICOMPARE 5 
S02 NWAITE 
INV 


L ENABLE 2 
FROM MICROCONTROLLER 
CONTROL PORT BIT 


Timeout Started 


Timer Clock 


Figure 5b Control Block Schematic 
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SOME DESIGN DETAILS 

Let's look at some of the more critical internal 
functions (Figure 5a) to understand the 
accelerator operation. The pretrigger 
structure is formed with an eight bit register 
holding a compare pattern, a series of 
Exclusive-Nor functions and a second 
register holding bit enables. The bit enables 
permit “don't care” triggering. The 
Exclusive-nor gates are made from foldback 
Nand gates. The entire unit is designed to 
format 8 bit samples into 256 byte data 
frames, but the design may be expanded by 
cascading additional PML 2852s and 
SRAMs. Cascading can be done using 


ScCapture 


MacSel 


LOGIC 


Project 


Waveforms 


TestVector 
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NetGen 


SimNet 


SimScl 


leftover pins, and the fact that the counters 
and comparators are made in a expandable 
fashion. 


Three of the 8051 ports are used to drive 
data values into the PML part, with the fourth 
port makes strobes for the various registers. 
One of the 8051 ports is designated as 
bidirectional and is used to read and write 
data values, compare operands, and 
counters. The pretrigger in this example is set 
at a fixed value of 16 time units, but this value 
can be changed. 


The design shown in Figure 5a, was done 
using Philips Semiconductors PLD design 


Abel12Snap 
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software, SNAP. SNAP (Figure 6) permits a 
gate array flow for the entire PLD family at 
Philips Semiconductors, including the PML 
family. SNAP supports schematic and 
equation entry, device independent design, 
optimization, fitting and back annotated 
logical simulation. All of the blocks in 

Figure 5a were written using Boolean 
equations, except for the control block. The 
control block was described using a 
schematic shown in Figure 5b. The SNAP 
equation listings for the other blocks are 
shown in Figures 9a, b, c, d, and e, with the 
final PML2852 pin layout in Figure 10. 


Equations Minimizer 


13308: 21 


t 


Use cursor keys to select module 
Use function keys to enter command 


Figure 6. SNAP Flow Chart 
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ANALYZER OPERATIONS 


The order of operations is shown in Figure 7. 


Initial values are loaded into the counter, the 
compare and enable registers. When a 
control strobe is sent from the 8051 to the 
PML 2852, automatic data capture begins. 
Data capture continues, loading consecutive 
values into the SRAM, at that point. 


When a data value matches the qualified 
trigger pattern, a time delay counter is 
enabled and 16 more samples are taken. At 


CLEAR 
CONTROL REGISTER 


SET MEMORY 
ADDRESS COUNT = 0 
LOAD 
COMPARE REGISTER 
LOAD COMPARE 
ENABLE REGISTER 
ENABLE 
CONTROL REGISTER 
INPUT 
CONTROL REGISTER 


OFF-LINE 
8051 CODE 
SETS UP 
ANALYZER 


the end of the delay, the SRAM write circuitry 
is disabled. The 8051 software scans the 
internal control register and senses the data 
capture complete condition. The 8051 begins 
SRAM readback at that point. If a trigger 
pattern is never encountered, data sampling 
continues and will load one 256 bit frame 
after another on top of old values. As 
mentioned before, the depth of the SRAM 
can be easily expanded to capture these 
frames using more parts, if needed. 


Readback occurs when the 8051 resets the 
SRAM address and reads 256 consecutive 
values from it. The 8051 updates the counter, 
reads the SRAM and inputs the data. The 
data is passed on an RS-232 cable to the 
PC, where a separate display routine takes 
the data and forms a familiar waveform 
pattern. Remember that readback is an offline 
activity. The data capture hardware is 
stopped, and the RAM dumping occurs at a 
leisurely rate. 


READBACK 


SET ADDRESS = 0 


INCREMENT ADDRESS 


SCANS WHILE 
ANALYZER 
FREE RUNS 


READBACK 
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LOAD ADDRES 


COUNTER 


WITH ADDRESS 


INPUT RAM BYTE 
TRANSFER BYTE 
TO PC. 


BACK TO PLC. 


ADDRESS = 255 
? 


Figure 7. Simplified Analyzer Operation Flow 
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RESULT DISPLAY 

When the data is retrieved by the PC, it can 
be formatted and displayed in classic logic 
analyzer style. Separate channels are simply 
the separate SRAM data lines. Display is 
simply a matter of finding the frame starting 
point, and making transition display segments 
on the screen. 


As an example of this type of display, see 
Figure 8. Figure 8 is actually, a display of 
data taken from the simulation section of 
Philips Semiconductors SNAP design 
software, running on a PC. The simulation 
software in SNAP mimics the display format 
of a logic analyzer. By formatting the 
information taken from the logic analyzer and 
renaming the file for SNAP’s needs, a usable 
result is obtained. The SNAP simulation 
display includes features like waveform 
expansion, cursor movement, overlap and 
reorder of waveforms, etc. 
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CONCLUSIONS 

At the outset of this paper, a procedure for 
making accelerators was outlined. By 
example, a small logic analyzer design was 
shown, to speed up an inexpensive 
microcontroller, with a low cost FPGA. 


But why is this class of designs so important? 
First, the logic analyzer shows which 
activities must be made in hardware and 
which can be in software. Second, the design 
is typical of a larger class of designs — 
parallel data operation designs. Included in 
this category are other instrumentation 
applications and many computer control 
applications. For instance, if the logic 
analyzer had the triggering hardware 
removed and only passed the data through it 
to the SRAM, it becomes a generalized data 
acquisition unit. If the data acquisition unit 
was supplemented with a single 8 bit A/D 


Figure 8. PC Waveform Displays 
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converter, and its analog input was taken as 
a probe, it becomes a digital oscilloscope. If 
the data acquisition unit passes data to. the 
SRAM, and adds a word counter, the unit 
becomes a DMA controller. Other examples 
exist. Each simply takes a high speed task, 
offloads the microcontroller and makes the 
overall operation much faster. 


There are other design categories where 
accelerators can be beneficial. Most notable 
is the class of serial data operation designs. 
These designs can also be made with 
inexpensive microcontrollers and low cost 
FPGAs. Their primary abilities include 
capturing and sensing serial data patterns 
and taking action, as well. The world of high 
speed data communications uses these types 
of machines, accelerating lower level data 
operations. However, that is the topic of 
another paper! 
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@PINLIST 

AIN I;BIN I;CIN I;DIN I;EIN I;FIN I;GIN I;HIN I;LOAD I; 
AOUT O;BOUT O;COUT O;DOUT O;EOUT O;FOUT 0O;GOUT O;HOUT O; 
@LOGIC EQUATIONS 
AOUT. ; 
BOUT. 

COUT. 

DOUT. 

EOUT. 

FOUT. 

GOUT. 

HOUT. 

AOUT. 

BOUT. 

COUT. 

DOUT. 

EOUT. 

FOUT. 

GOUT. 

HOUT. 

@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRANSITIONS 


Figure 9a. BUFF Block Equations 


@PINLIST 

INAO I;INA1 I;INBO I;INB1 I;INCO I;INC1 I;INDO I;IND1 I; 

INEO I;INE1 I;INFO I;INF1 I;INGO I;ING1 I;INHO I;INH1 I;SEL I; 
DOUTA O;DOUTB O;DOUTC O;DOUTD O;DOUTE O;DOUTF O;DOUTG O;DOUTH 0; 
@LOGIC EQUATIONS 
DOUTA = /SEL*INAO 
DOUTB /SEL* INBO 
DOUTC /SEL*INCO 
DOUTD /SEL*INDO 
DOUTE /SEL* INEO 
DOUTF /SEL* INFO 
DOUTG /SEL* INGO 
DOUTH /SEL*INHO 
@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRANSITIONS 


SEL*INAI1 ; 
SEL*INB1; 
SEL*INC1; 
SEL*IND1 ; 
SEL*INE1; 
SEL*INF1; 
SEL*ING1; 
SEL*INH1; 


+eeteeeet 


Figure 9b. MUX Block Equations 
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@PINLIST 

DBO B;DB1 B;DB2 B;DB3 B;DB4 B;DB5 B;DB6 B;DB7 B; 

NDBO O;NDB1 O;NDB2 O;NDB3 O;NDB4 O;NDB5 O;NDB6 O;NDB7 O; 
DINO I;DIN1 I;DIN2 I;DIN3 I;DIN4 I;DINS5 I;DIN6 I;DIN7 I; 
ENA I; 

@LOGIC EQUATIONS 

DBO DINO; 

DB1 DIN1; 

DB2 DIN2; 

DB3 DIN3; 

DB4 DIN4; 

DB5 DINS; 

DB6 DIN6; 

DB7 DIN7; 

DBO. ENA; 

DB1. 
DB2. 
DB3. 
DB4. 
DB5. 
DB6. 
DB7. 
NDBO 
NDB1 
NDB2 
NDB3 
NDB4 
NDB5 
NDB6 
NDB7 
@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@ TRANSITIONS 


EELELEE 


Figure 9c. XCVRS Block Equations 


@PINLIST 

COUNT I; LOAD I; DO I;Dl1 I;D2 1I;D3 I;D4 I;D5 1I;D6 I;D7 I; 
AO;B 0; C 0; DO; E O; F 0; GO; HO; 
@LOGIC EQUATIONS 

H.J COUNT*A*B*C*D*E*EF*G + LOAD*D7; 
COUNT*A*B*C*D*E*F*G + LOAD*/D7; 
COUNT*A*B*C*D*E*F LOAD*D6; 
COUNT*A*B*C*D*E*F LOAD*/D6; 
COUNT*A*B*C*D*E LOAD*D5; 
COUNT*A*B*C*D*E LOAD*/D5; 
COUNT*A*B*C*D LOAD*D4; 
COUNT*A*B*C*D LOAD*/D4; 
COUNT*A*B*C LOAD*D3; 
COUNT*A*B*C LOAD*/D3; 
COUNT*A*B LOAD*D2; 
COUNT*A*B LOAD*/D2; 
LOAD*D1; 


ANU RURUR YORU RUA 


be nou il 


UPrrwwandanosonw tn ayo aOoR 
A+++ HEHEe He Hee eee 


> 


CLK;F. 
= CLK;B. 
A.SET 1;B.SET=1;C.SET=1; 
@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRANSITIONS 


CLK; 
LK = CLK;A.CLK CLK; 
-SET=1;E.SET=1;F .SET=1;G.SET=1;H.SET=1; 


0a 


Figure 9d. COUNTS Block Equations 


October 1993 842 


Philips Semiconductors Programmable Logic Devices Application Note 


Microcontroller acceleration ANO35 


@PINLIST 
AO I:BO I;Al I;Bl I;A2 I;B2 I;A3 I;B3 I; 
A4 I;B4 I;A5 I;B5 I;A6 I;B6 I;A7 I;B7 I 
ENAO I;ENAl1 I;ENA2 I;ENA3 I; 
ENA4 I;ENA5 I;ENA6 I;ENA7 I; 
COMPARE O; 
@LOGIC EQUATIONS 
EQO = /(A0O:+:BO) +ENAO; 
EQ1 / (Al :+:B1)+ENA1; 
EQ2 / (A2:+:B2) +ENA2; 
EQ3 / (A3:+:B3) +ENA3; 
EQ4 / (A4:4+:B4) +ENA4; 
+ 
+ 


. 
3 


EQ5 / (A5:+:B5) +ENAS; 

EQ6 = /(A6:+:B6) +ENAG; 

EQ7 / (A7:+:B7) +ENA7; 

COMPARE = EQO*EQ1*EQ2*EQ3*EQO4*EQ5*EQ6*EQ7; 
@INPUT VECTORS 

@OUTPUT VECTORS 

@STATE VECTORS 

@TRANDITIONS 


Figure 9e. COMP Block Equations 
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OHAOH PY 
FHaAOH PD 
INNA DOD 
ANNA WDOPY 
UNNAWO Pp 
bnNNA WO p 
WNNA WO PY 
NNN WO py 


[12]18 04|74] DATOUT4 
[13]17 05|73] DATOUTS 
[14|16 06|72] DATOUTE 
[15|15 07|71] DATOUT7 
[16|14 I/014|70] ADRESS1 
[17|13 I/015|69] ADRESSO 
[18]1I2 CKE2|68] ADDRESSLOAD 
[19|Vss1 vCC4 | 67] 
[20|I1 BO|66] DATBUSO 
[21] 10 B1|65] DATBUS1 
[22|SCM B2|64] DATBUS2 
(23 |Ser B3|63] DATBUS3 
CNTSTROBE [24|I/CKD3 B4|62] DATBUS4 
[25|vcc2 VSS3|61] 
[26|1I/CKD2 B5|60] DATBUSS 
[27] I/CKD1 B6|59] DATBUS6 
PROBLOAD [28|1I/CKB/CKC B7|58] DATBUS7 
[29|PD 08|57] COMPARE 
PROBE7 [30]|1I/DB7 09|56] NWRITE 
PROBE6 [31|1I/DB6 010|55] COUNTOUT 
PROBES [32]1I/DB5 011/54] 


ISISISIZSISISIS141414 141414141414 1415151515] 
IS(41S[6/7/8(9/O]1{2/31/4/516(7/8/9/0f1/213| 
tatadaitatetetotetotitotetetotetetetotetetet 


NwWwWO DW 
YIAHVzEON 
AAwHWVEHEON 
OBZHdzZeOoONn 
&AHWEON 

oUrornvw zon 
WMBAHWHON 
NAHVWVZHON 
FPMAHUWVHRON 
OAZHNMERON 


Figure 10. Data Capture Unit Pin Layout 
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INTRODUCTION 

The PML2552 and PML2852 devices contain 
internal clocked JK-type flip-flops that may be 
used to implement counters, shift registers, or 
synchronous state machines. JK-type 
flip-flops can generally be used to implement 
state machines and counters very efficiently. 
For state machines, JK flip-flop based 
machines require product terms (AND gates) 
only to transition between states. Product 
terms are not required to hold the state 
registers in specified states as they would be 
for D-type flip-flop implementations. 


For implementing counters, JK-type flip-flops 
can be easily configured as T-type or toggle 
flip-flops by connecting the J and K inputs 
together. Only one product term per counter 
bit is required to construct a counter in this 
manner. 


The PML2552 and PML2852 each contain 
two groups of ten clocked JK-type flip-flops. 
One group features independent clocks and 
independent reset inputs. The other group of 
ten features a common clock and a common 
preset input. These are indicated as 
JKCL552 and JKPR552 respectively in 
Figure 1. Itis the purpose of this application 
note to demonstrate how, using Philips 
Semiconductors SNAP software, counters 
may be implemented most efficiently in the 
JKCL552 group of flip-flops. Counters of up 
to ten bits may be implemented using only 
one of the 96 foldback (FBNAND) NAND 
gates. This is accomplished by using the 
independent clocking feature of the JKCL552 
flip-flops. 


TYPICAL COUNTER 
IMPLEMENTATION 


The most common way of connecting JK-type 
flip-flops as a counter is shown in the listing 
of Figure 2. This arrangement connects all 
clock inputs to a common clock. The least 
significant counter bit flip-flop has its J and K 
inputs tied HIGH. This flip-flop will change 
State after every clock pulse. The next bit 
flip-flop has its J and K inputs tied to the 
output of the least significant bit flip-flop 
output. If its J and K inputs are tied to the Q 
output of the previous flip-flop, it will toggle 
after a clock when the LSB is HIGH, 
producing an up counter. If its J and K inputs 
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are tied to the QN output, then it will toggle 
when the LSB is LOW, producing a down 
counter. The remaining flip-flops in the 
counter have their J and K inputs tied to the 
outputs of all previous counter bits. In all 
Philips Semiconductors PLD devices that 
contain JK flip-flops, the same product term 
that connects to the J input may also be 
connected to the K input. For PML this is also 
true except it is a NAND gate connecting to 
the integral NAND gate inputs on the JK 
flip-flops. 


This type of counter will use one foldback 
NAND gate (FBNAND) for each bit in the 
counter. It may be implemented in the 
JKPR552 or the JKCL552 groupings of 
flip-flops. Which group the counter is 
implemented in can be controlled in SNAP by 
defining an equation for the RST or SET 
inputs of the flip-flops. If a SET equation is 
defined, SNAP will try to use the JKPRFF 
devices. If a RST equation is supplied, SNAP 
will try to use the JKCLFF devices. If neither 
SET or RST equations are defined or both 
are defined, SNAP may try to make JK 
flip-flops totally from the FBNAND gates. 


DEVICE SPECIFIC COUNTER 
Although using only one FBNAND gate per 
counter bit is fairly efficient, a ten bit counter 
would require ten FBNAND gates. A design 
technique is available that can implement up 
to a ten bit counter in the JKCL552 group of 
flip-flops using only one FBNAND gate for the 
whole counter. Figure 3 contains a schematic 
representation of a 3-bit version . Figure 4 
shows the associated SNAP simulation 
waveforms. As can be seen in Figure 3, all of 
the flip-flops JK inputs are tied HIGH. This is 
were the one FBNAND gate is used. All of its 
inputs are disconnected so that its output is 
LOW. The FBNANDs output is then 
connected to the integral NAND gates on the 
JK flip-flops inputs. 


This counter uses a NAND gate to clock each 
bit in the counter. As the JKCL582 flip-flops 
are clocked independently by a special array 
of NAND gates, this design fits perfectly into 
the PML2552 or PML2852 devices. 


Figure 5 shows SNAP equations for a 10-bit 
version. Figure 6 shows a SNAP resource 
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summary for this 10-bit implementation to 
verify that only one FBNAND gate was used. 
Figure 7 shows the clock NAND array portion 
of a PML2552 fusetable, demonstrating again 
how nicely the counter may be implemented 
in a PML2552 or PML2852. A fusetable 
representation of any PLD device is available 
in SNAP by running FUSTABLE.EXE from 
the DOS command prompt. 


SPECIFIC REQUIREMENTS 

This counter design may be altered to provide 
for a count of any length. Figure 8 shows a 
modification to the 3-bit counter to produce a 
modulo-5 counter. This counter is reset to 
count 011. It then counts up to 111 in a binary 
fashion and then transitions to 011 producing 
5 unique states. 


Figure 9 contains the SNAP listing of another 
modification. This 12-bit counter was part of a 
design that already was using all ten of the 
JKPR5582 flip-flops and two of the JKCL552 
resources. For this case 8 of the JKCL552 
flip-flops were configured as described 
above, the remaining four bits used D-type 
flip-flops realized using only FBNAND gates. 
An additional design technique was 
implemented with these D-type flip-flops. 


Normally when making a counter using 
D-type flip-flops, the flip-flops are preceded 
by some AND-OR logic. In this case, since 
the flip-flops are constructed using only 
FBNAND gates, it was possible to merge the 
AND-OR logic structure directly into the 
construction of the flip-flop. For additional 
information on flip-flop merging, please refer 
to application note ANO49. 


CONCLUSION 

Counters of up to 10-bits may be 
implemented in PML2552 and PML2852 
devices using only one FBNAND gate and 
the JKCL552 group of flip-flops. The design 
presented may be altered to provide a count 
of any value. If more than 10-bits are 
required, it is possible to add flip-flops from 
the JKPR552 group, the ODFF group, or 
construct flip-flops from FBNAND gates. 
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Figure 1. PML2552 Logic Diagram 
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wr 
” 


“constructed as a down counter 
with inverted outputs” 


@PINLIST 

ely is elk i: 
q[{7..0] °; 
@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 


qi[7..0]).clk = clk; “common clock” 
qi[7..0]).set = /clr; “common clear” 


q0=/qi0; ql=/qil; q2=/qi2; “invert outputs to” 
q4=/qi4; q5=/qi5; “make an up counter” 
q7=/qilT; 


1; 

1; 

/qi0; 

/qi0; 

/qi0*/qil; 

/qi0*/qil; 

/qi0*/qil*/qi2; 

/qi0*/qil*/qi2; 
/qi0*/qil*/qi2*/qi3; 
/qi0*/qil*/qi2*/qi3; 
/qi0*/qil*/qi2*/qi3*/qi4; 
/qi0*/qil*/qi2*/qi3*/qi4; 
/qi0*/qil*/qi2*/qi3*/qi4*/qiS; 
/qi0*/qil*/qi2*/qi3*/qi4*/qi5; 
/qi0*/qil*/qi2*/qi3*/qi4*/qi5*/qi6; 
/qi0*/qil*/qi2*/qi3*/qi4*/qi5*/qi6; 


@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRANSITIONS 


j= 
k= 
j= 
k= 
j= 
k = 
j= 
.k = 
j= 
k= 
j= 
k= 
j= 
k = 
j= 
k= 


Figure 2. Typical 8-Bit Binary Counter 
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Figure 3. 3-Bit Binary Counter (modulo-8) 
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Figure 4. SNAP Simulation Waveforms of 3-Bit Binary Counter 
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“Ten bit counter using only NAND gates in clock array 
of JK flip-flops with reset in PML2552 or PML2852” 


@PINLIST 
clr 

clk 
q[9..0] 


@GROUPS 

@TRUTHTABLE 

@LOGIC EQUATIONS 
clk clk; “JKCL552 flip-flops have” 
-clk / (qi0*/clk) ; “an independent clock - 
.clk / (qi0*qil*/clk) ; “NAND array ~ 
-clk / (qi0*qil*qi2*/clk) ; 
.clk / (qi0*qil*qi2*qi3*/clk) ; “clock on rising edge of clk” 
-GlLk / (qi0*qil*qi2*qi3*qi4*/clk) ; 
.clk / (qi0*qil*qi2*qi3*qi4*qi5*/clk) ; 
~-GLE / (qiO*qil*qi2*qi3*qi4*qi5*qi6*/clk) ; 
-clk / (qi0*qil*qi2*qi3*qi4*qi5*qi6*qi7*/clk) ; 
-clk / (qi0*qil*qi2*qi3*qi4*qi5*qi6*qi7*qi8*/clk) ; 


/clr; qil.rst /elr; qi2.rst /clr; “define reset so SNAP” 
/elr; qi4.rst /elr; qiS5.rsat /clr; “”will use JKCL552 devices” 
/elr; qi7.rst /clr; qi8.rst /elr; 

felz; 


-rst 
-rst 
-rst 
-rst 


q0=qi0; ql=qil; q2=qi2; q3=qi3; q4=qi4; 

q5=qi5; q6=qi6; q7=qi7; q8=qi8; q9=qi9; 

qi[9..0].j tH “tie J and K inputs HIGH” 
qi[9..0].k Le 


Figure 5. SNAP Equations for a 10-Bit Counter 


Design from CT256PML.N2 -— for device PML2552 
used/total 


CKDIN552 
CKNINS552 
FBNAND 
NAND 
DIN552 
NIN552 
CDIN552 
CNIN552 
CK552 
IDFF552 
BDIN552 
BNIN552 
JKCL552 
JKPR552 
EXOR552 
TOUT552 
ODFF552 


= 


= 
NOMWMWOOo0C0CCOCOOCOOOCO ORFF FH SO 
~~ RRR RR BR SR SR SR SR RR SR 


Figure 6. SNAP Resource Summary 
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>> Print out of fusemap starting from col 1 to col 18 << 


IILIMMMMIJITITITIT 
////RBARKKKKKKKKKK 
cceccrrriccceccecce 
KKKKNNNNLLLLLLLLLL 
B((( 0123456789 
/123CCCC 


JKPR_CK-> 
JKCLO_CK-> 
JKCL1_CK-> 
JKCL2_CK-> 
JKCL3_CK-> 
JKCL4_CK-> 
JKCL5_CK-> 
JKCL6_CK-> 
JKCL7_CK-> 
JKCL8_CK-> 
JKCL9_CK-> 


Figure 7. Portion of PML2552 Fuse Table Showing Clock Array Connections 
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Figure 8a. Modulo-5 Counter 


File: CT5PML.RES DELAY = Ons Marker = Ons Sec/Div = 200ns 
(Netlist) 


200 600 2200 
Philips Semiconductors (C) 1993 MODE : HELP, F10 : EXIT 


Figure 8b. SNAP Simulation Waveforms of Modulo-5 Counter 
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” This example is a 12-bit binary up counter. It is 
constructed using 8 JKCL552 flip-flops and 4 D-type 
flip-flops constructed from FBNAND gates. 

@PINLIST 

clr 

clkn 

q[11..0] 


@GROUPS 

@TRUTHTABLE 

@LOGIC EQUATIONS 
.clk /clkn; 
~clk / (qi0*clkn) ; “clock on falling edge of clkn” 
sClk / (qi0*qil*clkn) ; 

/ (qi0*qil*qi2*clkn) ; 

/ (qi0*qil*qi2*qi3*clkn) ; 

/ (qi0*qil*qi2*qi3*qi4*clkn) ; 

/ (qi0*qil*qi2*qi3*qi4*qi5*clkn) ; 

/ (qi0*qil*qi2*qi3*qi4*qi5*qi6*clkn) ; 


folr; qil.rat felzr; qi2.rst feliz; “define reset inputs” 
/elr; qi4.rst felr; gi5.rst feliz; 
/clr; qi7.rat /clr; qi8.rst felr: 
/Jeolr; qilO.rst = /clr; qill.rst = /clr; 


; ql=qil; q2=qi2; q3=qi3; q4=qi4; 
q6=qi6; q7=qi7; 


qll=qill; 


g(7..0).7) = 15 “all J and K inputs are tied HIGH” 
qty. .0) «kc = Ll: 


“Four bit D-type flop counter clocked from output of qi7” 


qi8 =/(qi8n*f8sn) ; “LSB” 

qi8n =/ (qi8*f8rn*/clr) ; 

f£8sn =/ (f8snn*/qi7*/clr) ; 

£8snn=/ (f8sn*f8rnn) ; 

£8rn =/ (f8rnn*f8sn*/qi7) ; 

f8rnn=/ (f8rn*qi8n*/clr) ; "“qi8.d = /qi8;” 


qi9 =/(qi9n*f9sn) ; ”“LMSB” 

qi9n =/ (qi9*f9rn*/clr) ; 

£9sn =/ (f9snn*/qi7*/clr) ; 

£9snn=/ (£9sn*f9rnna*f9rnnb) ; 

£9rn =/ (f9rnna*f9rnnb*f9sn*/qi7) ; “merge AND/OR into flop” 
f£9rnna=/ (f9rn*/clr*qi8n*qi9) ; “qi9.d = /qi8*qi9+qi8*/qi9;” 
f£9rnnb=/ (f£9rn*/clr*qi8*qi9n) ; 


qilO =/(qil0On*f10sn) ; ”“UMSB” 

qilOn =/ (qil0*f10rn*/clr) ; 

£10sn =/ (£10snn*/qi7*/clr) ; 

£10snn=/ (£10sn*f£10rnna*f10rnnb*f10rnnc) ; 

£10rn =/ (f10rnna*f10rnnb*f10rnnc*f10sn*/qi7) ; “merge AND/OR into flop” 
£10rnna=/ (f10rn*/clr*qi8n*qil0); “qil0.d=/qi8*qil0+/qi9*qil0+qi8*qi9*/qil0;” 
£10rnnb=/ (£10rn*/clr*qi9n*qil0) ; 

£10rnnc=/ (f£10rn*/clr*qi8*qi9*qil0On) ; 


qill =/(qilln*f1lsn) ; ”“MSB” 
qilin =/ (qill*fllrn*/clr) ; 
fllsn =/ (f1lsnn*/qi7*/clr) ; 
fllsnn=/ (f11sn*f1lrnna*fllrnnb*f1lrnnc*flirnnd) ; 
fllrn =/ (f11lrnna*f1llrnnb*f1lrnnc*fllrnnd*f1lsn*/qi7) ; 
“merge AND/OR into flop” 
“qill .d=/qi8*qill+/qi9*qil1+/q10*qill+qi8*qi9*qil0*/qill;” 
fllrnna=/ (fllrn*/clir*qi8n*qill) ; 
flirnnb=/ (flilrn*/clr*qi9n*qill) ; 
flirnnc=/ (fllrn*/clr*qil0n*qill) ; 
flilrnnd=/ (flirn*/clr*qi8*qi9*qil0*qilln) ; 


@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRANSITIONS 


Figure 9. 12-Bit Counter 
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INTRODUCTION 

Serial digital data encoding and decoding 
protocols are often used to increase the 
reliability of data transmission and storage. 
Transmitting digital data permits reliable error 
detection and correction techniques to be 
applied. Some encoding formats allow the 
transmitting clock to be extracted from the 
data stream and reproduced at the receiver. 
Long sequences of binary Os or 1s may be 
transparently limited using formats such as 
HDBn or Manchester. 


Encoded serial signals are used, for instance, 
on the SO—bus in ISDN user interfaces 
(inverse AMI) and in PCM systems (HDB3 
encoding). 


This application note describes circuits that 
can encoder and decode eight of the most 
frequently used formats. A programmable 
logic device, the Philips PML2552, was used 
to implement the encoder. Another PML2552 
was used to implement the decoder function. 
Three inputs on both devices permit selection 
of the desired encoding or decoding method. 
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The decoder will flag transmitting errors 
based upon the specific coding rules of each 
format. 


This design is part of a testing device for 
cables and encoded serial data signals. 


Serial Encoding Formats 
This is a short explanation of the eight 
implemented codes: 


AMI — Code: 
(alternate mark inversion) A binary 1 is 
transmitted alternating as a high mark (+1, 
positive voltage level) and as a low mark 
(—1, negative voltage level), a binary 0 
appears as space (0 Volt). 


HDBn — Code: 
(high density bipolar n) after n spaces will 
be included a code violation, i.e. the 
following "0" is transmitted as high mark 
or low mark depending on previous "1”: 
Was it sent as a high mark, the violation 
will be also a high mark. So a binary 0 is 
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turned into a “wrong” mark that can be 
recognized and corrected by the receiver. 
A binary 1 after these n spaces will be 
sent as the alternating mark. 


IAMI — Code: 
(inverse AMI) same as AMI code, but 
binary 0 and 1 are swapped. 


RZ — Code: 
(return—to—zero), a binary 1 is transmitted 
as high mark returning to space after the 
half step time. 


NRZ — Code: 
(non—return—to—zero), it’s the same as the 
input of the coder, here will be amplified 
the signal amplitude only. 


Manchester — Code: 
binary 1 is transmitted as transition 
between high mark and low mark, binary 0 
switches from low mark to high mark. This 
code is free of any direct voltage, but 
requires the double bandwidth. 
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Figure 1. Timing Diagrams of Implemented Serial Encoding Methods 
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ENCODER 


Realizing the Encoder Using a 
PML2552 


Description of Encoder Facilities 

The encoder is designed as a Moore-type 
finite state machine. This structure of state 
machine ensures the output signals transition 
synchronously with the clock. Using a clock 
generated from a quartz oscillator, the data 
link can be provided on only one line, 
however, in this case the receiver must have 
extra circuitry such as a phase locked loop to 
extract the clock from the incoming data 
stream. The receiver must also be able to 


/Reset[ -]- s 
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synchronize itself to the transmitter when the 
transmitter sends a special data pattern. 


Three additional pins are implemented in this 
design: Single and double bit clock (CP und 
CP 2) and a signal for synchronization 
(/SYNC) of external devices. These pins are 
used in the testing device to trigger an 
oscilloscope and a pattern generator. 


To make a bipolar signal, the outputs Y[2, 1] 
of the encoder must be connected with a 
subtractor realized with an OP—AMP. A 
schematic of the complete encoder circuit is 
shown in Figure 15. The following table 
shows dependencies between the encoder 
output and the output of the subtractor: 


clock 
divider 


Figure 2. General Structure of Coder Unit 
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= 


To run the encoder, pin CP4 should be 
connected to an oscillator running at 
quadruple the bit clock. After resetting by a 
LOW pulse on RESET, the encoder 
generates the synchronizing signal (SYNC). 
Outputs Y[2, 1] are valid upon the falling 
edges of the clock (CP) after the /SYNC 
pulse. Refer to Figure 6 for timing 
information. 


Co 


Code will be chosen by a binary combination 
on pins S[2..0]: 


[of on 


101 110 
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Structure of Encoder State Machine (AMI) format. Operation of the complete Figure 4. RESET initializes the state machine 
The finite state machine implementing the state machine may be analyzed by studying to State 0. After four clock pulses, the 
encoder has a total of nineteen states. Due to the @TRANSITIONS section in the machine will be in State 4 and output SYNC 
the complexity of a complete state diagram, CODER.EQN-file shown in Figure 5. is forced LOW. SYNC stays LOW for one 
and the size of this page, only a partial state more clock pulse, while in State 5, and 
diagram is shown in Figure 3. The state Structure of Synchronizer State Machine returns HIGH when in State 6. The state 
diagram of Figure 3 shows the encoding The synchronizer was also realized as a machine will stay in State 6 until another 


technique for the Alternate Mark Inversion Moore machine. A state diagram is shown in RESET occurs. 


Figure 4. State Diagram of Synchronizer 
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Listing of Descriptive File CODER.EQN 


@PINLIST 
s0 


@TRUTHTABLE 
@LOGIC EQUATIONS 
sy r = /(/reset * cp4 * ztl); 


zt1l.clk 
zt2.clk 


cp2 = ztl; 


zsl.clk 
zsl.rst 


zz4.clk 
zz4.rst 


ztl .k 
zt2.k 


ztl; 


cp4; ztl.j = /ztl; 
= zt2; 


ztl- zt2.4 fzt2; 


ztl.rst / 
zt2.rst / 


cp = zt2; 


cp4; zs2.clk = cp4; zs3.clk = cp4; 
sy ©; zs2.rst = sy r; zs3.rst = sy r; 


ztl; zz3.clk = ztl; zz2.clk = ztl; 


@INPUT VECTORS 


[s2, 
ami 


sl, 


[x] 
xO = O B; 


= 000 B; hdbl 
iami = 100 B; rz 


s0] 


001 B; hdb2 
101 B; nrz 


010 B; hdb3 
110 B; man 


011 B; 
111 B; 


xl = 1 B; 


@OUTPUT VECTORS 


(y2, yl] 


highm = 01 B; null 


[sync] 
sy = 0 B; 


nsy = 1 B; 


@STATE VECTORS 


[zz4, 
z0O 
z4 
z8 
z12 
z16 


[zs3 
sy0 
sy4 


Zz3, 


zs2, 


ous 


00000 
00100 
01000 
01100 
10000 


zzl, zz0) jkffr 
00001 B; z2 
00101 B; z6 
01001 B; 
01101 B; 


10001 B; 


zz2, 

: 00010 B; 
00110 B; 
01010 B; 
01110 B; 
10010 B; 


zsl) jkffr 


000 B; syl = 
100 B; 


sy5S = 


@TRANSITIONS 


while [z0] 
while [zl] 


while [z2] 


while [z3] 


while [z4] 
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with [null] 

if[] then[zl] 

with [null] 

if[{] then[z2] 

with [null] 

if[ (iami*x1) + ( (amit+thdb1+hdb2+hdb3) *x0) ] 

if [man*x0] 

if [ (man+nrz) *x1] 

if[ (iami*x0) + ( (ami+rz+hdb1+hdb2+hdb3) *x1) ] 
if[ (nrz+rz) *x0] 

with [highm] 

if[ ( (man+tiami) *x0) + ( (amit+thdb1+hdb2+hdb3) *x1) J 
if [man*x1] 

if[nrz] 

if[ ( (ami+thdb1+hdb2+hdb3) *x0) + (iami*x1) ] 
with [lown] 

if [ami+hdb1+hdb2+hdb3+iami ] 

if [man*x0] 


zzl.clk = ztl; 
sy ©; zz3.rst = sy rr; zz2.rst = sy r; zzl.rst = sy ©; 


00011 B; 
00111 B; 
01011 B; 
01111 B; 


((zt1+zt2) */reset) ; 
((zt1+zt2) */reset) ; 


zzO.clk = ztl; 
zzO.rst = sy I; 


then [z5] 
then [z4] 
then [z3] 
then [z12] 
then [z13] 


then [z4] 
then [z11] 
then [z12] 
then [z13] 


then [z11] 
then [z12] 


Figure 5. Description File CODER.EQN (1 of 2) 
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while[z5] with[null] 
if [ami+hdb1+hdb2+hdb3+iami ] 
while[z6] with[null] 
if [ (hdb2+hdb3) *x0] 
if [hdb1*x0] 
if [ (ami*x0) +(iami*xl1) ] 
if [ ( (amit+hdb1+hdb2+hdb3) *x1) +(iami*x0) ] 
while[z7] with[null] 
if[] 
while[z8] with[null] 
if [hdb3*x0] 
if [hdb2*x0] 
if [ (hdb2+hdb3) *x1] 
while[z9] with[null] 
if[] 
while[z10] with[null] 
if [hdb3*x0] 
if [hdb3*x1] 
while[z1ll] with[lowm] 
if [ ( (amithdb1+hdb2+hdb3) *x0) +(iami*x1) ] 
if [man*x0] 
if [man*x1] 
if [ ( (amit+thdb1+hdb2+hdb3) *x1) +(iami*x0) ] 
while[z12] with[highm] 
if [man*x0] 
if [rz+(nrz*x0) ] 
if [amit+thdb1l+hdb2+hdb3+iami+ ( (nrz+man) *x1) ] 
while[z13] with[null] 
if [rz*x0] 
if (rz*x1) 
if [ami+hdb1l+hdb2+hdb3+iami+nrz] 
while[z14] with[null] 
if[ ( (ami+hdb1+hdb2+hdb3) *x1) +(iami*x0) ] 
if [nrz*x1] 
if [hdb1*x0] 
if [ (hdb2+hdb3) *x0] 
while[z15] with[null] 
if[] 
while[z16] with[null] 
if [hdb2*x0] 
if [ (hdb2+hdb3) *x1] 
if [hdb3*x0] 
while[z17] with[null] 
if[] 
while[z18] with[null] 
if [hdb3*x0] 
if [hdb3*x1] 


while[sy0] with[nsy] if[] then[syl] 
while[syl] with[nsy]) if[] then[sy2] 
while[sy2] with[nsy] if[] then[sy3] 
while[sy3] with[nsy] if[] then[sy4] 
while[sy4] with[sy] if[] then[sy5] 
while[sy5] with[sy] if[] then[sy6] 
while[sy6] with[nsy] if[] then[sy6] 


Figure 5. Description File CODER.EQN (2 of 2) 
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then [z6] 


then [z7] 
then [z4] 
then [z5] 
then [z12] 


then [z8] 


then [z9] 
then [z4] 
then [z12] 


then [z10] 


then [z4] 
then [z12] 


then [z5] 
then [z4] 
then [z3] 
then [z12] 


then [z4] 
then [z13] 
then [z3] 


then [z13] 
then [z12] 
then [z14] 


then [z4] 
then [z3] 
then [z12] 
then [z15] 


then [z16] 
then [z12] 
then [z4] 

then [z17] 
then [z18] 


then [z12] 
then [z4] 
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Timing Diagram of Synchronizer 


Figure 6. Timing Diagram of Generating the /SYNC Signal 
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Listings of Stimuli Files for Timing Simulation Using LESIM 


KHKKKEKKEKEKKKEKEKKKKKKKKEKKEKEKEKKKEKEKEKEKKKKKKKKKKKKKKK 


* Output of Waveform Version 1.90 * 
* Date: 07/19/93 Time: 09:56:50 * 


KARKKKEKKEKEKEKEEKKEKEKEKKKEKKEKKKEEKEKEKKKEKKEKKKKKKKKKEK 


Input File Name : AMI.SCL 
Rule File Name : Scl Rule 
Output File Name : AMI.SCL 


+ + + + 


KKkKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
P S[2..0], X, CK2, Yl, Y¥2, Z2[4..0], RESET 

PCO 

S 0 (200000) so 

S 0 (200000) Sl 

S 0 (200000) s2 

S 0 (20500, 24500, 28500, 36500, 52500, 64500, 104500, 112500, 116500, 
# 120500, 124500, 128500) x 

S 0 (1000, 2000, ETC) CK2 

S 1 (100, 200) RESET 

SU time = 200000 

F 


Figure 7. Stimulus File AMI.SCL, Control Word On Inputs S[2..0]= 000B 


KKKKEKKEKEKKKKEKKKKKEKKEKEKKKEKKEKKKEEKKEKKEKKEKKKEKKKKKKKKKK 


- Output of Waveform Version 1.90 * 
* Date: 07/19/93 Time: 09:56:50 * 


KKKKKEKKKKEKKKKKKEKKKEKKKEEKEKKKKKKKKKKEKKEKKKKKKKKKKK 


Input File Name : HDB1.SCL 
Rule File Name : Scl Rule 
Output File Name : HDB1.SCL 


+ + + + 


KRKEKKEKKEKKEKKEKKEKKKEKKKEKEKEKKEKEKKEKKEKKEKEKKKKKEKKKKKEKKEK 


P S[2..0], X, CK2, Yl, Y2, 22[4..0], RESET 
PCO 

S 1 (200000) SO 

S$ 0 (200000) Sl 

S 0 (200000) S2 

S 0 (20500, 24500, 28500, 36500, 52500, 64500, 104500, 112500, 116500, 
# 120500, 124500, 128500) x 

S 0 (1000, 2000, ETC) CK2 

S 1 (100, 200) RESET 

SU time = 200000 

F 


Figure 8. Stimulus File HDB1.SCL, Control Word On Inputs S[2..0]= 001B 
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* Output of Waveform Version 1.90 ad 


* Date: 07/19/93 Time: 09:56:50 * 
KK KKKKKKKKIK KKK KKK KKEKKEKKKKEKKEKKEKEEKEEEEKEKKKKKKKKKKK 


Input File Name : HDB2.SCL 
Rule File Name : Scl Rule 
Output File Name : HDB2.SCL 


+ + + H 


KKK KKK KKK KKK KKK KKK KKK KEKE KEKE KEKE KER ERE EE KEEKEKEKEEK 
P S[2..0], X, CK2, Yl, Y2, ZZ[4..0], RESET 

PCO 

S 0 (200000) SO 

S 1 (200000) Sl 

S 0 (200000) S2 

S 0 (20500, 24500, 28500, 36500, 52500, 64500, 104500, 112500, 116500, 
# 120500, 124500, 128500) xX 

S 0 (1000, 2000, ETC) CK2 

S 1 (100, 200) RESET 

SU time = 200000 

F 


Figure 9. Stimulus File HDB2.SCL, Control Word On Inputs S[2..0] = 010 B 


KAEKKEKKKEKKEKEKKEKKKKKKEKEKEKKEKKEKKEKKEKEKKEKKKEKKEKEKKKKKEEK 


* Output of Waveform Version 1.90 * 


* Date: 07/19/93 Time: 09:56:50 * 
KRKEKKKKEKEKKKEKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


Input File Name : HDB3.SCL 
Rule File Name : Scl Rule 
Output File Name : HDB3.SCL 


KKKKKKKKKKKEKKEKEKEREKRKEKEKERKEKEKEKKEKEKEEEKEEEKEKKKK KKK 
P S[(2..0), X, CK2, Yl, Y2, ZZ[4..0], RESET 

PCO 

S 1 (200000) SO 

S 1 (200000) Sl 

S 0 (200000) S2 

S 0 (20500, 24500, 28500, 36500, 52500, 64500, 104500, 112500, 116500, 
# 120500, 124500, 128500) xX 

S 0 (1000, 2000, ETC) CK2 

S 1 (100, 200) RESET 

SU time = 200000 

F 


Figure 10. Stimulus File HDB3.SCL, Control Word On Inputs S[2..0] = 011 B 
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* Output of Waveform Version 1.90 * 
* Date: 07/19/93 Time: 09:56:50 * 
KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK EKER EKREKREEEEKKKE 


Input File Name : INV_AMI.SCL 
Rule File Name : Scl Rule 
Output File Name : INV_AMI.SCL 


+ + + F 


FHI KH KH KK IKK KK KKK KKK KEKE KKK IKK KEKE ERE EERE 
P S(2..0]), X, CK2, Yl, Y2, ZZ[4..0], RESET 

PCO 

S 0 (200000) SO 

S 0 (200000) Sl 

S 1 (200000) S2 

S$ 0 (20500, 24500, 28500, 36500, 52500, 64500, 104500, 112500, 116500, 
# 120500, 124500, 128500) xX 

S 0 (1000, 2000, ETC) CK2 

S 1 (100, 200) RESET 

SU time = 200000 

F 


Figure 11. Stimulus File INV_AMI.SCL, Control Word On Inputs S[2..0] = 100 B 


KRAEKKKKEKEKKEKKEKKEKEKEKKKEEKEKKEKEEKEKEKEKKEKKKEKKKKEK 


* Output of Waveform Version 1.90 * 
* Date: 07/19/93 Time: 09:56:50 * 


KRKKEKEKEKKKKKEKEREKKKEKKEKEKEKEEKKKKKKKKKKKKKKKKKKKKKK 


Input File Name : RZ.SCL 
Rule File Name : Scl Rule 
Output File Name : RZ.SCL 


KKK KKK KEKE KK EK KEKE KRKEEKRKEEKEE EEE EERE REE KKK 
P S[2..0], X, CK2, Yl, Y2, ZZ[4..0], RESET 

PCO 

S 1 (200000) SO 

S 0 (200000) Sl 

S 1 (200000) S2 

S 0 (20500, 24500, 28500, 36500, 52500, 64500, 104500, 112500, 116500, 
# 120500, 124500, 128500) x 

S 0 (1000, 2000, ETC) CK2 

S 1 (100, 200) RESET 

SU time = 200000 

F 


Figure 12. Stimulus File RZ.SCL, Control Word On Inputs S[2..0] = 101 B 
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* Output of Waveform Version 1.90 * 


* Date: 07/19/93 Time: 09:56:50 * 
KEREKKKKKKKEKEREKEKKKKEKEKKEKEEKEEKKEKEKKKEKKEKKEKEK 


Input File Name : NRZ.SCL 
Rule File Name : Scl Rule 
Output File Name : NRZ.SCL 


KEKE EEREKEEREREREKREKEEKREEKKKEKEKEEKEKKK KR KKK 
P S[2..0], X, CK2, Yl, Y2, Z2Z[4..0], RESET 

PCO 

S 0 (200000) SO 

S 1 (200000) Sl 

S 1 (200000) S2 

S 0 (20500, 24500, 28500, 36500, 52500, 64500, 104500, 112500, 116500, 
# 120500, 124500, 128500) x 

S$ 0 (1000, 2000, ETC) CK2 

S$ 1 (100, 200) RESET 

SU time = 200000 

F 


Figure 13. Stimulus File NRZ.SCL, Control Word On Inputs S[2..0 


RAKKEKKKKEKKEKEKEKEKKKEKKEEKEKKKEKKEKKEKEKKEKEKKKEKKKKKKEK 


* Output of Waveform Version 1.90 * 


* Date: 07/19/93 Time: 09:56:50 * 
HK KIRKE RIKER ERE KEKE EERE EEEKEEEEEKEEE 


Input File Name : MANCHEST.SCL 
Rule File Name : Scl Rule 
Output File Name : MANCHEST.SCL 


+ + + + 


KKK KHER KKK KEKE KEKE KEE KEKE KEKE EEKKKKKEKEK 
P S[2..0], X, CK2, Yl, Y2, ZZ[4..0], RESET 

PCO 

S 1 (200000) sO 

S 1 (200000) Sl 

S 1 (200000) S2 

S$ 0 (20500, 24500, 28500, 36500, 52500, 64500, 104500, 112500, 116500, 
# 120500, 124500, 128500) x 

S 0 (1000, 2000, ETC) CK2 

S 1 (100, 200) RESET 

SU time = 200000 

F 


Figure 14. Stimulus File MANCHEST.SCL, Control Word On Inputs S[2..0] = 111 B 
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Wiring of the Encoder 


DECODER 


Realizing the Decoder Using a 
PML2552 


Description of Decoder 

The decoding unit is also realized as a Moore 
machine. The capability to recognize 
transmission errors can also be implemented 
as a State machine. So, actually, the 
decoding and error detection functions are 
combined and written as one state machine. 


2Cp 


/Sync 


/Reset 


October 1993 


Figure 15. Wiring of Encoder Unit 


The SNAP state equations for the decoder 
and error detection functions are shown in 
Figure 18. 


Pin 2CP of the decoder must be connected to 
a double bit clock. Resetting the decoder 
brings it in the initial state. It is necessary to 
convert the incoming bipolar sequence into 
two digital signals to be applied to the two 
decoder inputs. This splitter is made in the 
testing device by two voltage comparators as 


Figure 16. General Structure of Decoder 


864 


shown in Figure 18. Synchronized by a LOW 
pulse on the SYNC input, the decoder 
converts the serially encoded sequence into 
binary information on output Y. 


[town [Space| Woh 
vant © | o | o 


Code will be chosen by a binary combination 
on pins S[2..0]: 
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If an error should occur, the decoder will set Structure of Decoders State Machine 
output ERROR to a HIGH. Output Y will The state diagram shown in Figure 17 shows 
remain LOW until a reset and synchronization only the AMI portion of the decoder. For 
cycle begins. Using this facility, a layer II of detailed information on the operation of the 
the OSI stack can be controlled by the decoder for other formats, refer to the 
decoder unit and the decoder can get its @TRANSISTIONS section of the SNAP state 
RESET and SYNC inputs from layer Il. equation listing shown in Figure 18. 


Figure 17. State Diagram of AMI Decoder 
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Listing of Description File DECODER.EQN 


@PINLIST 
s0 

xi. 

ck2 


@GROUPS 


@TRUTHTABLE 
@LOGIC EQUATIONS 


Z2Z5..C1Lk 
zz2.clk 
2z5.rst 
zz2.rst 


ck2; zz4.clk = 
ck2; zzl.clk = 
reset; zz4.set 
reset; zzl.rst 


ck2; zz3. 


@INPUT VECTORS 


{[s2, sl, 


s0] 


ami 000 B; hdbl 
iami 100 B; rz 


(x2, x1] 


highm = 11 B; lowm 


[sync] 
sy = 1 B; 


nsy = O B; 


@OUTPUT VECTORS 


[y, f] 
high = 10 


B; low = OO B; 


@STATE VECTORS 


{[zz5, 224, 


z0 
z4 
z8 
z12 
z16é 
z20 


010000 B; 
000100 B 
010010 B; 
001000 B; 
100011 B 
100001 B 


Zz3, zZe2, 221, 2z0] jkffar 

000010 B; 
000101 B; 
010001 


. 
i 


B; 
B; 
101000 B; 
100010 B 
: 000110 B 


, , 


’, 


@TRANSITIONS 


while [z0] 


while [z1] 


while [z2] 


while [z3] 


while [z4] 
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with [low] 
if [sy] 


if [nsy* ( (lowm* (ami+hdb1+hdb2+hdb3) ) + (highm* (rz+nrz+man) ) ) J 
if [nsy* ( (spc* (hdb1+hdb2+hdb3) ) + (highm*iami) + (lowm*man) ) ] 


if [nsy* (spc* (ami+rz+nrz) ) ] 

if [nsy* (highm* (ami+hdb1+hdb2+hdb3) ) ] 
if [nsy*lowm*iami] 

if [nsy* ( (lowm* (rz+nrz) )+(spc*man) ) ] 
with [low] 

if [spc* (ami+rz+nrz) } 

if [ (lowm*ami) + (highm* (rz+nrz+man) ) J 
if [lowm*man] 

if [highm*ami ] 

if [ (lowm* (rz+nrz) )+(spc*man) ] 

with [high] 

if [amithdbl+hdb2+hdb3+iami] 

with [high] 

if [lowm* (amit+hdb1+hdb2+hdb3) ] 

if [ (spc* (ami+hdb1+hdb2+hdb3) ) + (iami*lowm) ] 
if [highm* (ami+hdb1+hdb2+hdb3+iami) ] 
if [spc*iami] 

with [low] 

if [hdbl+hdb2+hdb3+iami] 

if [ami] 


Figure 18. Description File DECODER.EQN (1 of 2) 
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000011 B; 
001001 B; 
110000 B; 
100100 B; 
101001 B; 


then [z0] 
then [z10] 
then [z12] 
then [z1] 
then [z2] 
then [z4] 
then [z18] 


then[z1] 
then [z10] 
then[z12] 
then [z2] 
then [z18] 


then [z3] 


then [z10] 
then [z4] 
then [z18] 
then [z2] 


then [z5] 
then[z1] 


while [z5] 


while [z6] 


while [z7] 


while [z8] 


while [z9] 
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with [low] 

if [spc* (hdb2+hdb3) ] 

if[ (lowm* (hdb1+hdb2+hdb3) ) + (spc*iami) ] 
if [highm*iami] 

if [highm*hdb1] 

if[ (highm* (hdb2+hdb3) ) + (lowm*iami) + (spc*hdb1) ] 
with [low] 

if [hdb2+hdb3] 

with [low] 

if [highm*hdb2] 

if [lowm* (hdb2+hdb3) ] 

if [ (highm*hdb3) + (spc*hdb2) ] 

if [spc*hdb3] 

with [low] 

if [hdb3] 

with [low] 

if [spc*hdb3] 

if [highm*hdb3] 

if [lowm*hdb3] 


while[z10) with [high] 


if [man* (spc+highm) ] 
if [iami+tami+hdb1+hdb2+hdb3+rz+nrz+ (man*lowm) ] 


while[z1ll] with [high] 


if [highm* (ami+hdb1+hdb2+hdb3) ] 

if[ (highm* (rz+nrz+man) ) + (spc*iami) ] 

if[ (spc* (amit+thdb1+hdb2+hdb3) ) + (highm*iami) + (lowm*man) ] 
if [spc* (rz+nrz) ] 

if [ (lowm* (iami+ami+hdb1+hdb2+hdb3+rz+nrz) ) +(spc*man) ] 


while[z12] with[low] 


if [man* (spc+lowm) ] 
if [ (highm*man) +ami] 
if [iami+hdb1+hdb2+hdb3] 


while[z13] with[low] 


if [lowm*hdb1] 

if [spc*iami] 

if [highm* (hdb1+hdb2+hdb3) ] 

if [ (highm*iami) + (lowm* (hdb2+hdb3) ) + (hdb1*spc) ] 
if [lowm*iami] 

if [spc* (hdb2+hdb3) ] 


while[z14] with[low] 


while [z15] 


while [z16] 


if [hdb2+hdb3] 

with [low] 

if [spc*hdb3] 

if [highm* (hdb2+hdb3) ] 

if [ (lowm*hdb3) + (spc*hdb2) ] 
if [lowm*hdb2] 

with [low] 

if [hdb3] 


while[z17] with[low] 


while [z18] 


if [spc*hdb3] 
if [highm*hdb3] 
if [lowm*hdb3] 
with [err] 
if[] 


while[(z19] with[low] 


if (hdb1+hdb2+hdb3] 


while[z20] with[low] 


if [lowm* (hdb1+hdb2+hdb3) ] 
if [highm* (hdb1+hdb2+hdb3) ] 
if [spc* (hdb1+hdb2+hdb3) J 


while[z21] with[low] 


if [hdb1+hdb2+hdb3] 


while[z22] with[low] 
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if [lowm* (hdb1+hdb2+hdb3) ] 
if [highm* (hdb1+hdb2+hdb3) ] 
if [spc* (hdb1l+hdb2+hdb3) ] 


Figure 18. Description File DECODER.EQN (2 of 2) 
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then [z6] 

then[z10] 
then [z12] 
then [z21] 
then [z18] 


then [z7] 


then [z21] 
then [z10] 
then [z18] 
then [z8] 


then [z9] 


then [z18] 
then [z21] 
then [z10] 


then [z18] 
then [z11] 


then [z2] 
then [z10] 
then [z12] 
then [z1] 
then [z18] 


then [z18] 
then [z1] 
then [z13] 


then [z19] 
then [z2] 
then [z2] 
then [z18] 
then [z4] 
then [z14] 


then [z15] 
then [z16] 
then [z2] 

then [z18] 
then [z19] 
then [z17] 
then [z18] 
then [z2] 

then [z19] 
then [z18] 
then [z20] 
then [z18] 
then [z2] 

then [z12] 
then [z22] 
then [z10] 


then [z18] 
then [z4] 


Philips Semiconductors Programmable Logic Devices Application Note 


Serial data encoder and decoder ANO41 


Timing simulation 
Timing Diagram of Synchronizing Cycle 


=. 


Figure 19. Timing Diagram of Synchronizing Cycle 
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Listings of Stimulus Files for Timing Simulation Using LESIM 


KEEKKKEKEKKEKEKEKEKEKKKEEKEKEKRKEKEEKEKKEKEKEKEKKKKKKKKKKKKKK 


* Output of Waveform Version 1.90 * 


* Date: 06/08/93 Time: 19:25:46 * 
TTT TT TTT TTT TTT TTT TTT TTT TTT 


Input File Name 

Rule File Name 

Output File Name 
* 


KKKKKKKKKKK KKK KKK EKER EKEKEKEKEKEKEKEEEEKEEKEEKEEKKEE 

P S[(2..0), Xl, X2, CK2, Y, ZZ[4..0], SYNC, RESET, F 

PCO 

S 0 (16500, 20500, 28500, 32500, 52500, 56500, 100500, 104500, 
# 112500, 116500) X1 

S 1 (24500, 28500, 48500, 52500, 56500, 60500, 104500, 108500, 
# 120500, 124500) X2 

0 (300, 400) SYNC 

1 (100, 200) RESET 

0 (1000, 2000, ETC) CK2 

0 (200000) S2 

0 (200000) Sl 

0 (200000) SO 
U time = 200000 


MNANNNNNN 


Figure 20. Stimulus File AMI.SCL, Control Word On Inputs S[2..0] = 000 B 


KAKKKKKEKKKKEKEKKEKKKEKKEKKEKEKRKKEEKKEEKEKKEKKKKKKKKKKE 


* Output of Waveform Version 1.90 * 
* Date: 06/08/93 Time: 19:25:46 * 
KRKKEKKKKKKEKKKEKEKEEKKKKEKEKKEEKKEEKEKEKKKKEKKKKKKKKK 


Input File Name : HDB1.SCL 

Rule File Name : Scl Rule 

Output File Name : HDB1.SCL 
* 


KAKKKK KKK KKK KEK KKK EERE EREREREREEREEEREEEEEK 

P S[2..0]), Xl, X2, CK2, Y, ZZ[4..0], SYNC, RESET, F 

PCO 

S 0 (16500, 20500, 28500, 32500, 36500, 40500, 44500, 48500, 52500, 56500, 
# 100500, 104500, 112500, 116500) X1 

S 1 (4500, 8500, 12500, 16500, 24500, 28500, 48500, 52500, 56500, 60500, 
# 64500, 68500, 72500, 76500, 80500, 84500, 88500, 92500, 96500, 100500, 
# 104500, 108500, 120500, 124500) x2 

0 (300, 400) SYNC 

1 (100, 200) RESET 

0 (1000, 2000, ETC) CK2 

0 (200000) S2 

0 (200000) Sl 

1 (200000) SO 
U time = 200000 


MHNNNNNNN 


Figure 21. Stimulus File HDB1.SCL, Control Word On Inputs S[2..0] = 001 B 
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* Output of Waveform Version 1.90 * 


* Date: 06/08/93 Time: 19:25:46 * 
KKEKKKKKKKEKKKKKKEKKEKKKEKKKKKKKKKKKKKKKRKKKKKKKKKKKKKKEK 


Input File Name : HDB2.SCL 
Rule File Name : Scl Rule 
Output File Name : HDB2.SCL 


+* + + + 


KEKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKEKKKKKKKKKKKKKKK 
P S[2..0], Xl, X2, CK2, Y, Z2Z[4..0], SYNC, RESET, F 
PCO 
S 0 (16500, 20500, 28500, 32500, 40500, 44500, 52500, 56500, 
# 100500, 104500, 112500, 116500) Xl 
S 1 (8500, 12500, 24500, 28500, 48500, 52500, 56500, 60500, 68500, 
# 72500, 80500, 84500, 92500, 96500, 104500, 108500, 120500, 124500) x2 
(300, 400) SYNC 
(100, 200) RESET 
(1000, 2000, ETC) CK2 
(200000) s2 
(200000) sil 
(200000) so 
SU time = 200000 
F 


Figure 22. Stimulus File HDB2.SCL, Control Word On Inputs S[2..0] = 010 B 


KKEKEKEKKEKKEKKEKEKEKEKKKKKEKEKKEKEKEKKEEKKEKEKEKKEKKKKKKK 


* Output of Waveform Version 1.90 * 


* Date: 06/08/93 Time: 19:25:46 * 
KEKKKKKKKEKEKKKEKEKKKKKKEKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


* 


* Input File Name : HDB3.SCL 
* Rule File Name : Scl Rule 


* Output File Name : HDB3.SCL 
* 


KKK KEK KK KKK KKK KKK KEK KK EKER EK KEK EKER EEK KEK KEK EEK 
P S(2..0], Xl, X2, CK2, Y, 22[4..0], SYNC, RESET, F 
PCO 
S 0 (16500, 20500, 28500, 32500, 44500, 48500, 52500, 56500, 
# 100500, 104500, 112500, 116500) x1 
S 1 (12500, 16500, 24500, 28500, 48500, 52500, 56500, 60500, 72500, 
# 76500, 88500, 92500, 104500, 108500, 120500, 124500) X2 
0 (300, 400) SYNC 

(100, 200) RESET 

(1000, 2000, ETC) CK2 

(200000) S2 

(200000) Sl 

(200000) SO 
SU time = 200000 
F 


Figure 23. Stimulus File HDB3.SCL, Control Word On Inputs S[2..0] = 011 B 
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* Output of Waveform Version 1.90 * 


* Date: 06/08/93 Time: 19:25:46 * 
PTT TTTCCLCCTCTCCCTCCCCCTCCC CCL 


Input File Name : INV_AMI.SCL 

Rule File Name : Scl Rule 

Output File Name : INV_AMI.SCL 
* 


KKK KKKKIKKKKK KEE EEE EERE 
P S[2..0], Xl, X2, CK2, Y, ZZ[4..0], SYNC, RESET, F 
PCO 
S 0 (500, 4500, 8500, 12500, 20500, 24500, 36500, 40500, 44500, 
# 48500, 64500, 68500, 72500, 76500, 80500, 84500, 88500, 92500, 
# 96500, 100500, 116500, 120500) x1 
S 1 (4500, 8500, 12500, 16500, 32500, 36500, 40500, 44500, 
# 60500, 64500, 68500, 72500, 76500, 80500, 84500, 88500, 92500, 
# 96500, 108500, 112500, 124500, 128500) x2 
0 (300, 400) SYNC 
(100, 200) RESET 
(1000, 2000, ETC) CK2 
(200000) S2 
(200000) Sl 
(200000) SO 
U time = 200000 


Ss 
Ss 
Ss 
s 
s 
s 
s 
F 


Figure 24. Stimulus File INV_AMI.SCL, Control Word On Inputs S[2..0] = 100 B 


KEKKKKKKEKKEKKEKKKEKKEKEKEKEKEKEKKEKEKEKKKKKKKKKKKKKKKKE 


* Output of Waveform Version 1.90 * 


* Date: 07/19/93 Time: 16:01:57 * 
KKKKKKKKKKKEKEKEEKREKEKKKKKK KKK KKK KKK KKK AK KKK KKK 


Input File Name : RZ.SCL 
Rule File Name : Scl Rule 
Output File Name : RZ.SCL 


+ + + + 


KKK KK IK IK IKK IK IKK KKK IKI KEKE KERR KEKE 

P S[2..0], X1, X2, CK2, Y, ZZ[4..0], SYNC, RESET, F 

PCO 

S 1 (200000) S2 

S 0 (200000) Sl 

S 1 (200000) SO 

S 0 (16500, 18500, 24500, 26500, 28500, 30500, 48500, 50500, 52500, 
54500, 56500, 58500, 100500, 102500, 104500, 106500, 112500, 114500, 
120500, 122500) Xl 

S 1 (200010) X2 

S 0 (1000, 2000, ETC) CK2 

S 0 (300, 400) SYNC 

S 1 (100, 200) RESET 

SU time = 200000 

F 


Figure 25. Stimulus File RZ.SCL, Control Word On Inputs S[2..0] = 101 B 
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* Output of Waveform Version 1.90 * 
* Date: 07/19/93 Time: 16:01:57 * 
KRKKKEKKEEKKEKEKKEKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
* Input File Name : NRZ.SCL * 
* Rule File Name : Scl Rule * 
* Output File Name : NRZ.SCL = 
KREKKKEKKEKKEEKKEKKEEKKKKEKEEKKKKEKKKEKEKKKKKKKKKKKKKKKEK 
P S(2..0]), X1, X2, CK2, Y, ZZ[4..0], SYNC, RESET, F 
PCO 

S 1 (200000) S2 

S 1 (200000) Sl 

S 0 (200000) SO 

S 0 (16500, 20500, 26500, 32500, 48500, 60500, 100500, 108500, 
#112500, 116500, 120500, 124500) x1 

S 1 (200010) X2 

S 0 (1000, 2000, ETC) CK2 

S 0 (300, 400) SYNC 

S$ 1 (100, 200) RESET 

SU time = 200000 

F 


Figure 26. Stimulus File NRZ.SCL, Control Word On Inputs S[2..0] = 110 B 


KKKKKKKKEKEKKKKEKEKKKEKEKKEKEKKEKKKEKKKEKKKKKKKKKKKKKKK 


* Output of Waveform Version 1.90 * 

* Date: 07/19/93 Time: 16:01:57 * 

KKKEKKKKKKEKKKKEEKKKEEKKKKKKKEEKKEKEKKKKKKKKKKKKKKKKKKKKKK 

* Input File Name : MANCHEST.SCL * 

* Rule File Name : Scl Rule * 

* Output File Name : MANCHEST.SCL * 

KKKKEKKKKKEKKEKKEKKEKEKEKKKKKKKEKEKEKKKEKKEKKKKEKEKEKEKKKEKKKKEKE 

P S[2..0], Xl, X2, CK2, Y, 22[4..0], SYNC, RESET, F 

PCO 

S 1 (200000) S2 

S 1 (200000) S1 

S 1 (200000) SO 

S 0 (2500, 4500, 6500, 8500, 10500, 12500, 14500, 18500, 22500, 
26500, 28500, 30500, 34500, 36500, 38500, 40500, 42500, 44500, 
46500, 50500, 52500, 54500, 56500, 58500, 62500, 64500, 66500, 
68500, 70500, 72500, 74500, 76500, 78500, 80500, 82500, 84500, 
86500, 88500, 90500, 92500, 94500, 96500, 98500, 102500, 104500, 
106500, 110500, 114500, 118500, 122500, 126500, 128500) X1 

S 0 (2500, 4500, 6500, 8500, 10500, 12500, 14500, 18500, 22500, 
26500, 28500, 30500, 34500, 36500, 38500, 40500, 42500, 44500, 
46500, 50500, 52500, 54500, 56500, 58500, 62500, 64500, 66500, 
68500, 70500, 72500, 74500, 76500, 78500, 80500, 82500, 84500, 
86500, 88500, 90500, 92500, 94500, 96500, 98500, 102500, 104500, 
106500, 110500, 114500, 118500, 122500, 126500, 128500) X2 

S 0 (1000, 2000, ETC) CK2 

S 0 (300, 400) SYNC 

S 1 (100, 200) RESET 

SU time = 200000 

EF 


Se Ae AE SE 3 te Ak Atk Fe 


Figure 27. Stimulus File MANCHEST.SCL, Control Word On Inputs S[2..0] = 111 B 
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Wiring of the Decoder Unit 


5 


Oo 
F4 
wt 


PIN 1 OF EACH LT1011 MUST BE CONNECTED WITH GND 


Figure 28. Wiring of Decoder Unit 
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WIRING OF THE ENCODER AND DECODER UNITS FOR TESTING 


DECODER PML2552 DECODER PML2552 


INPUT OUTPUT INPUT 
/SYNC /SYNC 
[ 4CP. > 4CP 
/RESET /RESET /RESET 
+Vcc +Vcc 


—Vcc —Vcc 
GND GND 


DECODER.SCH 


Figure 29. Wiring of the Encoder and Decoder Units for Testing 
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Section 12 
Package Outlines 


0400E 
0401F 
0397E 
0398E 
0399F 
0584B 


0586B 


0589B 


1473A 
1551 

0408B 
0410D 
0413B 
0864D 
0172D 


0173D 


20-Pin (350 mils wide) Plastic Leaded Chip Carrier (A) Package ........... 
28-Pin (300 mils wide) Plastic Leaded Chip Carrier (A) Package ........... 
52-Pin Plastic Leaded Chip Carrier (A) Package ...............-..--00-. 
68-Pin Plastic Leaded Chip Carrier (A) Package ....................00.. 
84-Pin Plastic Leaded Chip Carrier (A) Package ..................0000 5s 


20-Pin (300 mils wide) Ceramic Dual In-line (F) Package (with window 
Ue h oo 2 | hs ee rere Te 


24-Pin (300 mils wide) Ceramic Dual In-line (F) Package (with Window 
[PR POO coe cas ies av eeee ce eGR OSs OL EES EYES ECKERE wees Dad Rtar 


28-Pin (600 mils wide) Ceramic Dual In-line (F) Package (with Window 
(FA t PeteAOG) occas vas 6550 tekdn kann ake eee dae coheed ed ew eee Owe hS OY 


68-Pin CerQuad J-Bend (K) Package ............. 20... cece eee eee 
84-Pin CerQuad J-Bend (K) package ............. 2.0... 
20-Pin (300 mils wide) Plastic Dual In-Line (N) Package .................. 
24-Pin (300 mils wide) Plastic Dual In-Line (N) Package .................. 
28-Pin (600 mils wide) Plastic Dual In-Line (N) Package .................. 
28-Pin (300 mils wide) Plastic Dual In-Line (N) Package .................. 


20-Pin (300 mils wide) Plastic SOL (Small Outline Large) 
Dual in-Line {OD} PAGKESG scianicnaes cones as eene wads 006% 66 Ore MORES 


24-Pin (300 mils wide) Plastic SOL (Small Outline Large) 
Died Ine (U0) POCKOGO «sein cka dae shu de¥s Oe¢ Gan cane wee was den cenws 


p66} Arenuer 


2/8 


Evil vO JO0v0-€S8 


0.007 018) © SO [OE © 
| [0.002 NIN] 8 
A 0.395 (10.03) 


0.385 (9.78) 


0.010 (0.25) MAX. R 
3 PLACES 


0.356 (9.04) 
0.350 (8.89) 


0.048 (1.22) ® 2 


0.042 (1.07) *48 


0.050 (1.27) 


4 SIDES 


0.356 (9.04) 
[0.007 (0.18) O[ AG] F-GG] 1 0.350 (8089) 
[| Jo.oce nN] al 
ELa 


® 
0.032 (0.81) 


0.026 (0.66 
0.056 (1.42) © A =e) 


0.042 (1.07) 


I) 0.004 (0.10)] SEATING PLANE 


=0= 


0.045 (1.14) 
0.025 (0.64) 


20 PLACES 


0.330 (8.38) 


[0.007 0.1eD[ AO] F-6 ©] 


NOTES 
1. Package dimensions conform to JEDEC Specification MO-047-AA 
for Plastic Leaded Chip Carrier 20 leads, 0.050 inch (1.27mm) lead 
0.395 (10.03) spacing, square. (Issue A, 10/31/84.) 


0.385 (9.76) 2. Controlling dimensions: inches. Metric dimensions in mm are shown 
in parentheses. 
3. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


WEN Datum plane “-H-” located at the top of mold parting line and coincident 
with top of lead, where lead exits plastic body. 
Location to datum “-A-" and “-B-” to be determined at plane *-H-”. These 
datums do not include mold flash. Mold flash protrusion shall not 
exceed 0.010" (0.25mm) on any side. 
Datum “D—E” and “F—G” are determined where these center leads 
exit from the body at plane “-H-”. 
. Pin numbers continue counterclockwise to Pin 20 (top view). 
. Signetics order code for product packaged in a PLCC is the suffix 
“A” after the product number. 
Applicable to packages with pedestal only. 
0.025 (0.64) MIN. 


0.120 (3.05) 0.015 (0.38) 
pp ergee —————_ | 0.020 (0.5) MIN. 
sat = PEDESTAL 2emasee No 
Ss 
0.180 (4.57) CLEARANCE 


0.165 (4.19) 


SEATING PLANE 


9021 (059_re5T9907 (019 @[D£O.F-6 ©] g 9.198609 9 [@I0910 0250] AS]8O] A\ 


0.013 (0.33) 0.194 (4.93) 


0.330 (8.38) D1 0.015 (0.38)®)] 0-E © 


[007s (03) ©] F-GO) ao00 77 


0.290 (7.37) 


40070 


JOVNOVd (Vv) HAINHVSO dIHD GS0V37 SILSV 1d (@PIM SjIW OSE) Nid-02 


sauljino abeyoed 


s9oiAaq 91607 ajqewweBbolg siojonpuosiWas sdijiud 


y66| Arenuer 


828 


Evi vO 4LOv0-€S8 


BJ 0.007 0.18) ©| BO [DE © 
J leenint 0.496 (12.57) -BY0.007 (0.18 AO|F-G ©) 


A\ 0.485 (12.32) 
5 [a007 0.19 SOO SO) 


0.010 (0.25) MAX. R 


er 
. Package dimensions conform to JEDEC Specification MO-047-AB 
for Plastic Leaded Chip Carrier 28 leads, 0.050 inch (1.27mm) lead 
spacing, square. (Issue A, 10/31/84.) 


2. Controlling dimensions: inches. Metric dimensions in mm are shown 
in parentheses. 
3. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


Z4\ Datum plane “-H-” located at the top of mold parting line and coincident 
with top of lead, where lead exits plastic body. 
Location to datum “-A-" and “-B-” to be determined at plane “-H-”. These 
datums do not include mold flash. Mold flash protrusion shall not 
4 SIDES exceed 0.010" (0.25mm) on any side. 
0.456 (11.58) 0.060 (1.52) MIN. Datum “D-E” and “F—G" are determined where these center leads 


0.456 (11.58) | 0.300 (7,.62)| .0-495(12.57) 


0.450 (11.43) 0.485 (12.32) 


0.048 (1.22) 
0.042 (1.07) ** 


[10.007 (0.18) ©| A@|F-GO) 0.450 (11.43) exit from the body at plane “-H-”. 
| _]0.002 IN/ IN] Al 7. Pin numbers continue counterclockwise to Pin 28 (top view). 
eB) 


8. Signetics order code for product packaged in a PLCC is the suffix 
“A” after the product number. 
Ay Applicable to packages with pedestal only. 


0.025 (0.64) MIN. Ad Location of Pin #1 mark is optional. Mark on chamfered side is preferred. 


0.032 (0.81) 


' 0.015 (0.38 
0.026 (0.66) 0.120 (3.05) AY = te 020 (0.5) MIN. 


0.056 (1.42) 
ass LEARANCE W/O 


0.090 (2.29) 0.005 (0.13) 


PEDESTAL 
CLEARANCE 


0.042 (1.07) 


PEDESTAL 
0.180 (4.57) 
0.165 (4.19) 


a eae __ SEATING PLANE 
a a | 0.224 (5.69) | 0.010 (0.25)© B® 
Lees 0.013 (0.33) | accra] OE Ltt 2 eee |B] 0.010 (0.25)O| A©| B® 


0.430 (10.92) | [H]0015 (0.38) F-4O| 0.430 (10.92) | [0.015 (0.38)@]0-£6| 
0.045 (1.14) 0.390 (9.96) P10.015 (0.38)| F-G © | 0.390 (9.91) P+] 0.015 (0.38)©| D-E © | 


0.025 (0.64) 
28 PLACES 


4d+tovo 


AOVNOVd (v) HAINHVD dIHD GAGV43T DILSVW 1d (@Pim Sj!W OOE) Nid-82 


souljino abeyoed 
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628 


EvivO 3/6€0-€S8 


0.795 (20.19) 
0.785 (19.94) 
0.600 (15.24) 
0.010 (0.25) MAX. R 
3 PLACES 


0.756 (19.20) 
0.750 (19.05) 


0.048 (1.22) 
0.042 (1.07) 


| Latte EEA 
[ 0.050 (1.27) ]4 SIDES 


0.756 (19.20) 
0.750 (19.05) 
| 0.007 (0.18) ©| B®] D-E © 
|_| [0.002 IN/ IN] B| 
joan! 


Ay 


® 
0.032 (0.81) 
0.026 (0.66) 


0.056 (1.42 Pe : 
0.042 (1 vm 45° - 


P| 0.007 (0.18xS)| A@[ F-G © 


10.007 (0.18x9)| B©| O-E © 


0.795 (20.19) 
0.785 (19.94) 


GH [o007 (0.1 © AO F-6 © 
L [0.002 IN IN] Al 
==] 


A 


[ooce (1.52) MIN. 
incite 
i al MIN. 


0.120 (3.05) 


0.090 (2.29) 


0.180 (4.57) 


NOTES 


1. Package dimensions conform to JEDEC Specification MO-047-AD 
for Plastic Leaded Chip Carrier 52 leads, 0.050 inch (1.27mm) lead 
spacing, square. (Issue A, 10/31/84). 


2. Controlling dimensions: inches. Metric dimensions in mm are shown 
in parentheses. 


3. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


iN Datum plane “-H-” located at the top of mold parting line and coincident 
with top of lead, where lead exits plastic body. 


Location to datum “-A-” and “-B-” to be determined at plane “-H-”. These 
datums do not include mold flash. Mold flash protrusion shall not 
exceed 0.010” (0.25mm) on any side. 


AY Datum “D-—E” and “F—G” are determined where these center leads 
exit from the body at plane “-H-”. 


7. Pin numbers continue counterclockwise to Pin 52 (top view). 


8. Signetics order code for product packaged in a PLCC is the suffix 
“A” after the product number. 


Ay Applicable to packages with pedestal only. 


0.005 (0.13) | CLEARANCE W/O 


0.015 (0.38) | 9.920 (0.5) MIN. 
PEDESTAL 


3Z6E0 


3OvNOVd (v) HSINHVD dIHD GA0V371 DILSV 1d Nid-zS 


souljino abeyoed 


Sed1Aeq 91607 ejqewweboly siojonpuosIWas sdijiyg 


yf IU : 


Py, 


SEATING 021 (5 
Ls {G| 0.007 (0.18)@] D-E@.F-G_ © | 


0.165 (4.19) SRE 


0.364 (9.25) 


AN 
-P 10.010 (0.25) ©] A@] BO 
0.358 (9.09) 
-P|0.015 (0.38) ©] 0-E © | 


013 (0.33) 


0.730 (18.54) 
0.690 (17.53) 


0.730 (18.54) 
0.690 (17.53) 


0.045 (1.14) [BI 0.015 (0.38)©|F-GO| 


0.025 (0.64) 
68 PLACES 


p66) Arenuer 


088 


Eyl yO 386E0-€S8 


0.010 (0.25) MAX. R 
3 PLACES 


0.958 (24.33) 
0.950 (24.13) 


0.056 (1.42) 
0.042 (1.07) *45" 


0.045 (1.14) 
0.025 (0.64) 


68 PLACES 


0.995 (25.27) 
0.985 (25.02) 


4 REE A\ 


lh] Ay 
[0.050 7-27) ]4 SIDES 


0.958 (24.33) 
0.950 (24.13) 


0.032 (0.81) 


P| 0.007 (0.18x9] AO] F-G © | 


[| 0.007 (0.18XS)| B©| O-E © | 


0.995 (25.27) 


0.985 (25.02) NOTES 


cE 


Z. 


3. 


Package dimensions conform to JEDEC Specification MO-047-AE 
for Plastic Leaded Chip Carrier 68 leads, 0.050 inch lead spacing, 
square. (Issue A, 10/31/84). 


Controlling dimensions: inches. Metric dimensions in mm are shown 
in parentheses. 


Dimensioning and tolerancing per ANSI Y14.5M-1982. 


LN Datum plane “-H-” located at the top of mold parting line and coincident 


with top of lead, where lead exits plastic body. 


Location to datum “-A-” and “-B-” to be determined at plane “-H-". These 
datums do not include mold flash. Mold flash protrusion shall not 
exceed 0.010” (0.25mm) on any side. 


Ay Datum “D-—E” and “F—G” are determined where these center leads 


GH [o.007 0.18) OA] F-6 © 
[1 [0.002 NN] Al 7 


[ocee (1.52) MIN. 
ae 
— MIN. 


0.120 (3.05) 
0.090 (2.29) 


0.180 (4.57) 
0.165 (4.19) 


0.021 (0.53) 
D018 039 110.007 (0.18) @] D-E 
rs 0.990 (23.€2) 2 | erasame a5) _.| penaaraa 


0.890 (22.61) 


exit from the body at plane “-H-”. 


. Pin numbers continue counterclockwise to Pin 68 (top view). 


TEX 8. 


Signetics order code for product packaged in a PLCC is the suffix 
“A” after the product number. 


Applicable to packages with pedestal only. 


Location of Pin #1 mark is optional. Mark on chamfered side is 
preferred. 


0.005 (0.13) | ci EARANCE W/O 
PEDESTAL 
CLEARANCE actin 


PS SEATING 
PLANE 


0.015 (0.38) 
a f 0.020 (0.5) io 


0,604 (18.34) 


0.598 (15.19) -B]0.010 (0.25) O] AG] BO) 


0.990 (23.62) -P] 0.015 (0.38)@] 0-E © 


0.890 (22.61) 


386€0 
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188 


Evil vO 4A66E0-€S8 


0.010 40,26) 
MAX. R 
3 PLACES 


1.158 (29.41) 


1.150 (29.21) 


0.048 (1.22) ® 
0.042 (1.07) *45 


|| 0.004 (0.10)/ SEATING 
-C-— PLANE 


0.045 (1.14) 


0.025 (0.64) 


84 PLACES 


|} | 0.007 (0.18) BO D-E © | 


+765 0.16) ~L10007 09D] AO] F-6 ©) 


RESTA 


igloo 


1.195 (30.35) 
1.185 (30.10) 


{0.007 (0.18) ©@| A@|F-GO@) 7. 
. Signetics order code for product packaged in a PLCC is the suffix 


1.158 (29.41) [1 [0.002 NIN] Al 
1.150 (29.21) |-B-| A 


fo.ce (1.52) MIN. 


0.056 (1 42) ® 0.032 (0 a 0.025 (0.64) MIN 
0.042 (1 Cr, ae ) ) , 


0.180 (4.57) 
0.165 (4.19) 


0.021 (0.53 =r. 
0.013 (0.  cmniamie ad =e. ae Cat Ney Cat Ney 0.120 (3.05) 


— cemeuciamend [0.015 (0.38) ©| F-c ©] a 


. Package dimensions conform to JEDEC Specification MO-047-AF 
for Plastic Leaded Chip Carrier 84 leads, 0.050 inch lead spacing, 
square. (Issue A, 10/31/84). 


. Controlling dimensions: inches. Metric dimensions in mm are 


shown in parentheses. 


. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


Datum plane “-H-” located at the top of mold parting line and 
coincident with top of lead, where lead exits plastic body. 
Location to datum “-A-” and *-B-” to be determined at plane “-H-”. 
These datums do not include mold flash. Mold flash protrusion 
shall not exceed 0.010” (0.25mm) on any side. 


Datum “D—E” and “F—G” are determined where these center leads 
exit from the body at plane “-H-”. 


Pin numbers continue counterclockwise to Pin 84 (top view). 


“A” after the product number. 
Applicable to packages with pedestal only. 
Location of Pin #1 mark is optional. Mark on chamfered side is 


preferred 
A® 015 (0.38) 
bare to] & 0.005 (0.13) 


PEDESTAL 
jaecadidan CLEARANCE 


Se 


ara a ima 
0.698 (17.73) || 0.010 (0.25) ©) 


re = SEER 
+ 090 (27,69) Lo 10.015 (0.38) | 


466E0 
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0.078 (1.98) 
0.012 (0.30) 


® 
SEE NOTE 6 


-—+l— 0.100 (2.54) BSC 


0.058 (1.47) 
0.030 (0.76) 


0.023 (0.58) 
0.015 (0.38) 


0.975 (24.73) 
0.940 (23.88) 


OL LE [0 O[o010 02598 


0.078 (1.98) 
0.012 (0.30) 


0.306 (7.77) 
0.285 (7.24) 


0.070 (1.78) 


0.050 (1.27) 


0.165 (4.19) 


0.165 (4.19) 
0.125 (3.18) 


NOTES: 

1. Controlling dimension: Inches. Millimeters are 
shown in parentheses. 

2. Dimension and tolerancing per ANSI Y14. 5M-1982. 


3. “T", “D", and “E” are reference datums on the body 
and include allowance for glass overrun and meniscus 
on the seal line, and lid to base mismatch. 


. These dimensions measured with the leads 
constrained to be perpendicular to plane T. 


. Pin numbers start with Pin #1 and continue 
counterclockwise to Pin #20 when viewed 
from the top. 


® 6. Denotes window location for EPROM products. 


0.320 (8.13) 
0.290 (7.37) 
(NOTE 4) 
0.175 (4.45) 


0.035 (0.89) 
0.020 (0.51) 


0.395 (10.03) 


0.015 (0.38) 0.300 (7.62) 


0.010 (0.25) 


arsso 
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souljino abeyoed 
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€88 


88990 €98S0-€S8 


0.098 (2.49) ® 
0.030 (0.76) SEE NOTE 6 


ba Lc doe os We at a ce 


ary ver 


+—»l— 0.100 (2.54) Bsc 


as 1.280 (32.51) 
1.240 (31.40) 


0.070 (1.78) 
0.050 (1.27) 


SEATING 
PLANE 


dL 0023089) FETT Te [o O]o010 02540) 


0.098 (2.49) 


0.030 (0.76) 


0.306 (7.77) 


0.285 (7.24) 


0.200 (5.08) 
0.165 (4.19) 


0.165 (4.19) 
0.125 (3.18) 


NOTES: 


1. 


2. 
3. 


Controlling dimension: Inches. Millimeters are 
shown in parentheses. 
Dimension and tolerancing per ANSI Y14. 5M-1982. 


“T”, “D", and “E” are reference datums on the body 
and include allowance for glass overrun and meniscus 
on the seal line, and lid to base mismatch. 


. These dimensions measured with the leads 


constrained to be perpendicular to plane T. 


. Pin numbers start with Pin #1 and continue 


counterclockwise to Pin #24 when viewed 
from the top. 


. Denotes window location for EPROM products. 


0.320 (8.13) 


0.290 (7.37) 
(NOTE 4) 


0.175 (4.45) 
0.145 (3.68) 


0.035 (0.89) 
0.020 (0.51) 


0. 300, 7. 62) | 
(NOTE 4) 
0.395 (10.03) 
0.015 (0.38) 0.300 (7.62) 
0.010 (0.25) 


€98sS0 


(39vyOVWd (v4) MOGNIM HLIM) SDVOVd (4) SNIT-NI TWN DINVHSD (@PIM SIIW OOS) Nid-Z 


souljino ebeyoed 


saoinaq 91607 ajqewwesbolg siojONpUooIWaS sdijiud 


p66) Arenuer 


y88 


88990 H68S0-€S8 


0.098 (2.49) 
0.040 (1.02) 


® 
0.098 (2.49) SEE NOTE 6 


0.040 (1.02) 


es cn ch AL AK AA AA AAIEK AL FL GL A 


0.598 (15.19) 
0.514 (13.06) 


Py VY VV EY 
| PIN # 1 | bot 0.100 (2.54) BSC 


[== 1.485 (37.72) 
1.440 (36.58) 


0.070 (1.78) 
0.050 (1.27) 


mh 


0.023 (0.58) 
0.015 (0.38) P| T | E [D ©}0.010 (0.254) 


at 225 (5.72) MAX. 


0.165 (4.19) 
0.125 (3.18) 


NOTES: 


1. 


2. 
3. 


Controlling dimension: Inches. Millimeters are 
shown in parentheses. 


Dimension and tolerancing per ANSI Y14. 5M-1982. 


“T”, “D", and “E” are reference datums on the body 
and include allowance for glass overrun and meniscus 
on the seal line, and lid to base mismatch. 


. These dimensions measured with the leads 


constrained to be perpendicular to plane T. 


. Pin numbers start with Pin #1 and continue 


counterclockwise to Pin #28 when viewed 
from the top. 


. Denotes window location for EPROM products. 


0.620 (15.75) 
0.590 (14.99) 
(NOTE 4) 


0.175 (4.45) 
0.145 (3.68) 


’ . 
= 0.000 (18.24) __ 


(NOTE 4) 


0.055 (1.40) 
0.020 (0.51) 


0.695 (17.65) 


0.015 (0.38) 0.600 (15.24) 


0.010 (0.25) 


€68s0 


(39vyOVWd (v4) MOGNIM HLIM) 32DVOVWd (4) SNIT-NI TWN DINVHSO (@PIM Sj! 009) Nid-8Z 


souljino ebeyoed 


SadiA9q 91607] ajqewwesbold syOJONPUODIWAS sdijilyd 


VeZrl 


souljino abeyoed 


i 
© 
= 
3 1B 
= & 25.27 (0.995) 
S Soe eee 
= = 25.02 (0.985) 94.51 (0.965) 3.05 (0.120) 
i 1.02 (0.040) X 45° 29-62 (0.930 ie cela 0.38 (0.015) NOTES: 
h esteatlselatalatatasiss Q =) . 
ie 1. All dimensions and tolerances to conform 
= 0.51 (0.02) X 45° to ANSI Y1 45-1 982. 
=m Ay EN UV window is optional. 
— IEN Dimensions do not include pa protrusion. 
25.27 (0.995) rT Glass protrusion to be 0.005 inches maximum 
ao eee — on each side 
25.02 (0.985) _—— = . sal 
= 4. Controlling dimension millimeters. 
Se 
eee tae 5. All dimensions and tolerances include 
:E (0.920) =s lead trim offset and lead plating finish. 
es EN Backside solder relief is optional and 
— dimensions are for reference only. 
— 
LO 
3 X 0.63 (0.025) R MIN. 22019) LL -- ae 
3.94 (0.155) 
ra 0.73 + 0.08 (0.029 + 0.003) 
on 


25.27 (0.995) 
25.02 (0.985) 


to 


4.83 (0.190) 
3.94 (0.155) 


SEE DETAILA ¢ 


|+—— 20.32 (0.800) NOMINAL—— 


11.94 (0.470) 11.94 (0.470) 
11.18 (0.440) 11.18 (0.440) 


SEE DETAIL B 


1.27 (0.050) TYP. 


45°TYP. 
1.52 (0.060) REF. 4 PLACES 


[= BASE PLANE 


1.02 + 0.25 (0.040 + 0.010) 


}~— 0.482 (0.019 + 0.002) 


SEATING 
PLANE 


DETAILA 
TYP. ALL SIDES 
mm((inch) 


0.25 (0.010) R MIN: 
0.15 (0.006) MIN: 
0.076 (0.003) MIN. 


0.25 (0.010) 0.508 (0.020) R MIN. 


0.15 (0.006) 


DETAIL B 
mm/(inch) 


3OvNOWd (HM) GNAG-f GVNOUSD Nid-89 


seoiaeg 91607 eqewwesbolg siOJONPUODIWAS sdi|iyg 


i 
set) 
=} 
Ss  |8 
3 s 30.35 (1.195) 
© 4 30.10 (1.185) 
- 18 
: 1.02 (0.040) X45 anes vies 
CHAMFER 45 . . 
& 3x 0.63 (0.025) R MIN 


29.59 (1.165) 
28.70 (1. 38.70 (1.130) 2) 


4.83 (0.190) 

3.94 (0.155) 
30.35 (1.195) 
30.10 (1.185) 


_ 1.27 (0.050 | 
84X 


t & SEE DETAIL B : 
St 


r | 25.40 (1.000) i 
NOMINAL 


SEE DETAILA 


14.48 (0.570) 


14.48 (0.570) 
13.72 (0.540) 


13.72 (0.540) 


SEATING 
PLANE 


{= 


SEATING PLANE 


3.05 (0.120) . 
2.29 (0.090) NOTES: 


0.38 (0 B 5) 1. All dimensions and tolerances to conform to ANSI Y14.5-1982. 
[2.] UV window is optional. 


Dimensions do not include glass protrusion. Glass protrusion to 
be 0.005 inches max. on each side. 


> a 


0.51 (0.02) X 45° 


5. All dimensions and tolerances include lead trim offset and lead 
plating finish. 


Backside solder relief is optional and dimensions are for 
reference only. 


ny 


7. Pin numbers start with Pin #1 and continue counterclockwise 
to Pin #84 when viewed from the top. 


1.27 (0.050) TYP. 


4.83 (0.190) 0.73+ 0.08 (0.029 +0.003) 


3.94 (0.155) 


0.25 (0.010) R MIN 


1.52 (0.060) REF 4 TYP4 PLACES 0-15 (0.006) MIN: 


0.076 (0.003) MIN. 


= BASE PLANE | 


1.02+ 0.25 (0.040 + 0.010) 


SEATING see 


0.25 (0.010) 


0.482 (0.019+ 0.002) 0.15 (0.006) 

DETAIL A DETAIL B 
TYP. ALL SIDES — 
mmv(inch) 


4. Controlling dimension millimeters (inches shown in parentheses). 


0.508 (0.020) R MIN. 
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PLANE 


0.255 (6.48) 
0.245 (6.22) 


== 0.100 (2.54) BSC 


1.057 (26.85) 
1.045 (26.54) 


0.064 (1.63) 
0.045 (1.14) 


0.160 (4.06) 
0.135 (3.43) 


0.138 (3.51) 
0.120 (3.05) 


0.022 (0.56) 
0.017 043) TELT|E [2 Of0.010(025)@ 


NOTES 


4: 
2. 


Controlling dimension: Inches. Metric are shown in parentheses. 


Package dimensions conform to JEDEC Specification MS-001-AE 
for standard Dual In-Line (DIP) package 0.300 inch row spacing 
(plastic) 20 leads (Issue B, 7/85). 


. Dimension and tolerancing per ANSI Y14, 5M— 1982. 


4. “T",“D”, and “E” are reference datums on the molded body and 


do not include mold flash or protrusions. Mold flash or protrusions 
shall not exceed 0.010 inch (0.25mm) on any side. 


. These dimensions measured with the leads constrained to be 


perpendicular to plane T. 


. Pin numbers start with Pin #1 and continue counterclockwise to 


Pin #20 when viewed from the top. 


0.320 ere 


0.300 (7.62) 
(NOTE 5) 


0.135 (3.43) 
0.115 (2.92) 


0.035 (0.89) 
0.020 (0.51) 


BSC 
}-— 0,300 (7.62) > 


(NOTE 5) 


0.015 (0.38) 0.395 (10.03) 
0.010 (0.25) 0.300 ( 7.62) 


g80r0 
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SEATING 
PLANE 


eel 0.100 (2.54) BSC 


1.256 (31.90) 
1.240 (31.50) 


0.064 (1.63) 
0.045 (1.14) 


0.022 (0.56)_ > 
0.017 (0.43) LL | E|0 ©] 0.010 (0.25)@ 


NOTES: 


iB 


—F 2. 


0.265 (6.73) 


0.255 (6.48) 3. 


4. 


Controlling dimension: Inches. Metric are shown in parentheses. 


Package dimensions conform to JEDEC Specification MS-001-AF 
for standard Dual In-Line (DIP) package 0.300 inch row spacing 
(plastic) 24 leads (Issue B, 7/85). 


Dimension and tolerancing per ANSI Y14, 5M — 1982. 


“T”, “D”, and “E” are reference datums on the molded body and 
do not include mold flash or protrusions. Mold flash or protrusions 
shall not exceed 0.010 inch (0.25mm) on any side. 


. These dimensions measured with the leads constrained to be 


perpendicular to plane T. 


. Pin numbers start with Pin #1 and continue counterclockwise to 


0.185 (4.70)® 
0.160 (4.06) 


0.138 (3.51) 
0.120 (3.05) 


Pin #24 when viewed from the top. 


©) 
0.320 (8.13) 


0.300 (7.62) 
(NOTE 5) 


® 0.155 (3.94) 
0.145 (3.68) 


® 0.030 (0.76) | 
0.015 (0.38) 


BSC | 
t— 0.300 (7.62) —>| 


(NOTE 5) 


0.015 (0.38) 0.395 (10.03) 
0.010 (0.25) 0.300 ( 7.62) 


golvo 


ADNVNOVWd (N) ANIT-NI TWNG DILSV 1d (@PIM SIIW OOE) Nid-z 


souljjno abeyoed 


Ssd1Aeg 21607 ajqewwesbolg sIoJONPUODIWAaS sdijiud 


peel Arenuer 


688 
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jes} —— 0.100 (2.54) BSC 


1.460 (37.08) 
1.415 (35.94) 


0.064 (1.63) 
0.045 (1.14) 


2022 058) OTT Te Jo [0010 0258) 


NOTES: 
1. Controlling dimension: Inches. Metric are shown in parentheses. 


2. Package dimensions conform to JEDEC Specification MS-011-AB 
for standard Dual In-Line (DIP) package 0.600 inch row spacing 


0.560 (14.22) (plastic) 28 leads (Issue B, 7/84). 


94 (3-84) 3. Dimension and tolerancing per ANSI Y14, 5M — 1982. 


4. “T",“D", and “E” are reference datums on the molded body and 
do not include mold flash or protrusions. Mold flash or protrusions 
shall not exceed 0.010 inch (0.25mm) on any side. 


. These dimensions measured with the leads constrained to be 
perpendicular to plane T. 


. Pin numbers start with Pin #1 and continue counterclockwise to 
Pin #28 when viewed from the top. 


® 
0.620 (15.75) 
0.600 (15.24) 


0.200 (5.08) 0.155 (3.94) 
0.165 (4.19) 0.145 (3.68) 


0.600 (15.24) BSC 


0.138 (3.51) (NOTE 5) 
0.120 (3.05) 


0.695 (17.65) 


0.015 (0.38) 0.600 (15.24) 


0.010 (0.25) 
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0.100 (2.54) BSC 


rv 


‘wate 
af 


0.021 (0. 53° = 
0.015 (0.38) P| T | E |D ©/0.010(0.25)@) 


ry 


[cee 0 I ety 


ali © 
= “Ty 4g) © 


1.425 (35.63) ® 


1.415 (35.38) 


0.055 (1.40) @ 
0.045 (1.14) 


iii 


2080 (127m 


Pr 0.210 (5.33) MAX. 
0.138 (3.51) 
0.120 (3.05) 


NOTES: 


1. Controlling dimension: Inches. Metric are 
shown in parentheses. 


2. Dimension and tolerancing per ANSI Y14, 5M - 1982. 


. “T",“D", and “E” are reference datums on the 
molded body and do not include mold flash or 
protrusions which shall not exceed 0.010 inch 
(0.25mm) on any side. 

. These dimensions measured with the leads 
constrained to be perpendicular to plane “T”. 


. Pin numbers start with Pin #1 and continue 
counterclockwise to Pin#28 when viewed 
from the top. 


Lead tip taper is required after trimming. 
® 


0.325 (8.26) 
0.300 (7.62) 


0.010 (0.25) 


© 
(NOTE 4) 
® 0.395 (10.03) 
0.300 (7.62) 
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10.65 (0.419) 


7.60 (0.299) 10.26 (0.404) 


7.40 (0.291) 


1.27 (0.050) BSC 


13.00 (0.512) ® 
12.60 (0.496) 


TOAARAARAAR See ee 
f .093) 
Valninlninlsininintien 


aus ail 
0.49 (0.0 
262 0819 {GT | E [0 ©[025 00108 


BIE O[025 00106) 


0.32 (0.013) 


NOTES 

1. Package dimensions conform to JEDEC Specification MS-013-AC 
for standard Small Outline (SO) package, 20 leads, 7.50mm (0.300”) 
body width (Issue A, June 1985). 

2. Controlling dimensions are mm. Inch dimensions in parentheses. 

. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

. “D” and “E” are reference datums on the molded body and do not 
include mold flash/protrusions. Mold flash/protrusions at “D” shall not 
exceed 0.15mm (0.006”) per side. Inter-lead flash/protrusions at “E” 
shall not exceed 0.25mm (0.010”) per side. 

. The lead width above the seating plane shall not exceed a maximum 
value of 0.61mm (0.024”). 

. Pin numbers start with Pin #1 and continue counterclockwise to 
Pin #20 when viewed from top. 


. Signetics ordering code for a product packaged in a plastic Small 
Outline (SO) package is the suffix D after the product number. 


0.75 (0.030) - 
0.50 (0.020) 


0.30 (0.012) 
0.10 (0.004) 


1.07 (0.042) 


0.23 (0.009) 0.86 (0.034) 
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7.60 (0.299) 
7.40 (0.291) 


LT 


BID G]0.10 0.008 


10.65 (0.419) 


10.26 (0.404) 
OE O[025 0010 


Ll (0.050) BSC 


15.60 (0.614) © 
15.20 (0.598) 


—;— 


2.65 (0.104) 
2.35 (0.093) 


0.49 (0.019) p> 
0.35 (0.014) | T | E10 ©] 0.25 (0.010) @ 


0.32 (0.013) 
0.23 (0.009) 


ee 
. Package dimensions conform to JEDEC Specification 
MS-013-AD for standard Small Outline (SO) package, 
24 leads, 7.50mm (0.300”) body width leaue A, A. June 1985). 
2. Controlling dimensions are mm. Inch dimensions in 
parentheses. 


. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

. “D" and “E” are reference datums on the molded body and do 
not include mold flash/protrusions. Mold flash/protrusions 
at “D” shall not exceed 0.15mm (0. vad er side. Inter-lead 
flash/protrusions at “E” shall not exceed 0.25mm (0.010”) 
per side. 

. The lead width above the seating plane shall not exceed 
a maximum value of 0.61mm (0.024”). 

. Pin numbers start with Pin #1 and continue counterclockwise 
to Pin #24 when viewed from top. 

. Signetics ordering code for a product packaged in a plastic 
Small Outline (SO) package is the suffix D after the 
product number. 


0.30 (0.012) 
0.10 (0.004) 


1.07 (0.042) 
0.86 (0.034) 
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North American Regional Sales 
Organization Sales Offices 


North American Sales Offices, Representatives and Distributors 
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Philips Semiconductors 
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North American Sales Offices, Representatives 


and Distributors 


PHILIPS 
SEMICONDUCTORS 
811 East Arques Avenue 
P.O. Box 3409 


Sunnyvale, CA 94088-3409 


ALABAMA 

Huntsville 
Philips Semiconductors 
Phone: (205) 464-0111 


Elcom, Inc. 
Phone: (205) 830-4001 


ARIZONA 

Scottsdale 
Thom Luke Sales, Inc. 
Phone: (602) 451-5400 


CALIFORNIA 
Calabasas 
Philips Semiconductors 
Phone: (818) 880-6304 


Irvine 
Philips Semiconductors 
Phone: (714) 833-8980 
(714) 752-2780 


Orangevale 
Webster Associates 
Phone: (916) 989-0843 


San Diego 
Philips Semiconductors 
Phone: (619) 560-0242 


San Jose 
B.A.E. Sales, Inc. 
Phone: (408) 452-8133 


Sunnyvale 
Philips Semiconductors 
Phone: (408) 991-3737 


COLORADO 
Englewood 
hilips Semiconductors 
Phone: (303) 792-9011 


Thom Luke Sales, Inc. 
Phone: (303) 649-9717 


CONNECTICUT 
Wallingford 

JEBCO 

Phone: (203) 265-1318 


FLORIDA 

Oviedo 
Conley and Assoc., Inc. 
Phone: (407) 365-3283 


GEORGIA 

Atlanta 
Philips Semiconductors 
Phone: (404) 594-1392 


Norcross 
Elcom, Inc. 
Phone: (404) 447-8200 


ILLINOIS 

Hoffman Estates 
Micro-Tex, Inc. 
Phone: (708) 765-3000 


Itasca 
Philips Semiconductors 
Phone: (708) 250-0050 


INDIANA 

Indianapolis 
Mohrfield Marketing, Inc. 
Phone: (317) 546-6969 


Kokomo 
Philips Semiconductors 
Phone: (317) 459-5355 


MARYLAND 


Columbia 


Third Wave Solutions, Inc. 


Phone: (410) 290-5990 


MASSACHUSETTS 
Chelmsford 

JEBCO 

Phone: (508) 256-5800 


Westford 
Philips Semiconductors 
Phone: (508) 692-6211 


MICHIGAN 
Monroe 
S-J Associates 
Phone: (313) 242-0450 


Novi 
Philips Semiconductors 
Phone: (313) 347-1700 


MINNESOTA 
Bloomington 
High Technology Sales 
Phone: (612) 844-9933 


MISSOURI 
Bridgeton 
Centech, Inc. 
Phone: (314) 291-4230 


Raytown 
Centech, Inc. 
Phone: (816) 358-8100 


NEW JERSEY 

Toms River 
Philips Semiconductors 
Phone: (908) 505-1200 


NEW YORK 

Ithaca 
Bob Dean, Inc. 
Phone: (607) 257-1111 


Rockville Centre 
S-J Associates 
Phone: (516) 536-4242 


Wapppaes Falls 
ilips Semiconductors 
Phone: (914) 297-4074 


Bob Dean, Inc. 
Phone: (914) 297-6406 


NORTH CAROLINA 
Greensboro 

ADI, Inc. 

Phone: (919) 273-8887 


Matthews 
ADI, Inc. 
Phone: (704) 847-4323 


Smithfield 
ADI, Inc. 
Phone: (919) 934-8136 


OHIO 

Aurora 
S-J Associates, Inc. 
Phone: (216) 562-2050 


Columbus 
S-J Associates, Inc. 
Phone: (614) 885-6700 


Kettering 
S-J Associates, Inc. 
Phone: (513) 298-7322 


Parma 
S-J Associates, Inc. 
Phone: (216) 888-7004 


Toledo 
S-J Associates, Inc. 
Phone: (313) 242-0450 


West Carrollton 
S-J Associates, Inc. 
Phone: (513) 438-1700 


OREGON 

Beaverton 
Philips Semiconductors 
Phone: (503) 627-0110 


Western Technical Sales 
Phone: (503) 644-8860 


PENNSYLVANIA 

Erie 
S-J Associates, Inc. 
Phone: (216) 888-7004 


Hatboro 


Delta Technical Sales, Inc. 


Phone: (215) 957-0600 


Pittsburgh 
S-J Associates, Inc. 
Phone: (216) 888-7004 


Plymouth Meeting 
Philips Semiconductors 
Phone: (215) 825-4404 


TENNESSEE 
Greeneville 
Philips Semiconductors 
Phone: (615) 639-0251 


TEXAS 

Austin 
Philips Semiconductors 
Phone: (512) 339-9945 


Austin 
Synergistic Sales, Inc. 
Phone: (512) 346-2122 


Houston 
Synergistic Sales, Inc. 
Phone: (713) 937-1990 


Richardson 
Philips Semiconductors 
Phone: (214) 644-1610 


Richardson 


Synergistic Sales, Inc. 
Phone: (214) 644-3500 
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UTAH 

Salt Lake City 
Electrodyne 
Phone: (801) 264-8050 


WASHINGTON 
Bellevue 
Western Technical Sales 
Phone: (206) 641-3900 
Spokane 
Western Technical Sales 
Phone: (509) 922-7600 


WISCONSIN 
Waukesha 

Micro- Tex, Inc. 

Phone: (414) 542-5352 


CANADA 

PHILIPS 
SEMICONDUCTORS 
CANADA, LTD. 


Calgary, Alberta 
ech-Trek, Ltd. 
Phone: (403) 241-1719 


Kanata, Ontario 
Philips Semiconductors 
Phone: (613) 599-8720 


Tech-Trek, Ltd. 
Phone: (613) 599-8787 


Mississauga, Ontario 
Tech-Trek, Ltd. 
Phone: (416) 238-0366 


Richmond, B.C. 
Tech-Trek, Ltd. 
Phone: (604) 276-8735 


Ville St. Laurent, Quebec 
Tech-Trek, Ltd. 
Phone: (514) 337-7540 


MEXICO 

Anzures Section 
Philips Components 
Phone: 52-5-533-3858 


El Paso, TX 
Philips Components 
Phone: (915) 775-4020 


PUERTO RICO 
Santurce 

Mectron Group 

Phone: (809) 723-6165 


DISTRIBUTORS 


Contact one of our 
local distributors: 
Almac/Arrow Electronics 
Anthem Electronics 


Arrow/Schweber Electronics 


Future Electronics 
Gerber Electronics 
Hamilton Hallmark 
Marshall Industries 
Wyle Laboratories, EMG 
Zeus Electronics 
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Appendix A 


DATA HANDBOOK SYSTEM 

Philips Semiconductors data handbooks contain all pertinent 
data available at the time of publication and each is revised 
and reissued regularly. 


Loose data sheets are sent to subscribers to keep them 
up-to-date on additions or alterations made during the 
lifetime of a data handbook. 


Catalogs are available for selected product ranges (some 
catalogs are also on floppy discs). 


Our data handbook titles are listed here. 


Integrated Circuits 


Book Title 

ICO1 Semiconductors for Radio and Audio Systems 
ICO2 Semiconductors for Television and Video Systems 
ICO3 Semiconductors for Telecom Systems 


ICO4 CMOS HE4000B Logic Family 


ICO5 Advanced Low-power Schottky (ALS) Logic 
Series 


ICO6 High-speed CMOS Logic Family 
ICO8 100K ECL Logic Families 
IC10 Memories 


IC11 General-purpose/Linear ICs 
IC12 Display Drivers and Microcontroller Peripherals 
(planned) 


IC13 Programmable Logic Devices (PLD) 
IC14 8048-based 8-bit Microcontrollers 
IC15 FAST TTL Logic Series 

IC16 ICs for Clocks and Watches 


IC18 Semiconductors for In-car Electronics and 
General Industrial Applications (planned) 


IC17 RF/Wireless Communications 


IC19 Semiconductors for Datacom: LANs, UARTs, 
Multi-protocol Controllers and Fibre Optics 


IC20 80C51-based 8-bit Microcontrollers 
IC21 68000-based 16-bit Microcontrollers (planned) 
IC22 ICs for Multi-media Systems (planned) 


IC23 QUBiC Advanced BiCMOS Bus Interface Logic 
ABT, MULTIBYTE™ 


IC24 Low Voltage CMOS & BICMOS Logic 


October 1993 


Discrete Semiconductors 
Book Title 

SC01 Diodes 

SC02 Power Diodes 

SC03 Thyristors and Triacs 
SC04 Small-signal Transistors 


SC05 Low-frequency Power Transistors and Hybrid IC 
Power Modules 


SC06 High-voltage and Switching NPN Power 
Transistors 


SC07 Small-signal Field-effect Transistors 
SC08a_—s&RF Power Bipolar Transistors 
SCO8b _—-RF Power MOS Transistors 

SCO9 RF Power Modules 

SC10 Surface Mounted Semiconductors 


$C13 Power MOS Transistors 
including TOPFETs and IGBTs 


SC14 RF Wideband Transistors, Video Transistors 
and Modules 


SC15 Microwave Transistors 
SC16 Wideband Hybrid IC Modules 


SC17 Semiconductor Sensors 


Professional Components 
PCO1 High-power Klystrons and Accessories 


PC06 Circulators and Isolators 


MORE INFORMATION FROM PHILIPS 
SEMICONDUCTORS? 

For more information about Philips Semiconductors data 
handbooks, catalogs and subscriptions contact your nearest 
Philips Semiconductors national organization, select from the 
address list on the back cover of this handbook. Product 
specialists are at your service and inquiries are answered 


promptly. 


Philips Semiconductors 


Data handbook system 


OVERVIEW OF PHILIPS COMPONENTS 

DATA HANDBOOKS 

Our sister product division, Philips Components, also has a 
comprehensive data handbook system to support their 
products. Their data handbook titles are listed here. 


Display Components 


Book Title 
DCO1 Colour Display Components 
Colour TV Picture Tubes and Assemblies 
Colour Monitor Tube Assemblies 
DCO2 Monochrome Monitor Tubes and Deflection Units 
DCO3 Television Tuners, Coaxial Aerial Input 
Assemblies 
DCO5 Flyback Transformers, Mains Transformers and 


General-purpose FXC Assemblies 


Magnetic Products 


MA0O1 Soft Ferrites 

MAO3 Piezoelectric Ceramics 
Specialty Ferrites 

MA04 Dry-reed Switches 

Passive Components 

PAO1 Electrolytic Capacitors 

PAO2 Varistors, Thermistors and Sensors 

PAO3 Potentiometers and Switches 

PA04 Variable Capacitors 

PAO5 Film Capacitors 

PAO6 Ceramic Capacitors 

PAO7 Quartz Crystals for Special and Industrial 
Applications 

PAO8 Fixed Resistors 

PA10 Quartz Crystals for Automotive and Standard 
Applications 

PA11 Quartz Oscillaors 


Professional Components 


PC04 Photo Multipliers 

PCO05 Plumbicon Camera Tubes and Accessories 

PCO07 Vidicon and Newvicon Camera Tubes and 
Deflection Units 

PCO08 Image Intensifiers 

PC12 Electron Multipliers 

October 1993 
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MORE INFORMATION FROM PHILIPS 


COMPONENTS? 
For more information contact your nearest Philips 
Components national organizaiton shown in the following list. 


Argentina: BUENOS AIRES, Tel. (541)541 4261, Fax. (641)786 9367. 
Australia: NORTH RYDE, Tel. (02)805 4455, Fax. (02)805 4466. 

Austria: WIEN, Tel (01)60101 1820, Fax. (01)60101 1210. 

Belgium: BRUXELLES, Tel. (02)741 8211, Fax. (02)735 8667. 

Brazil: SAO PAULO, Tel. (011)829 1166, Fax. (011)829 1849. 

Canada: SCARBOROUGH, Tel. (416)292 5161, Fax. (416)754 6248. 
Chile: SANTIAGO, Tel. (02)773 816, Fax. (02)5602 735 3594. 

China (Peoples Republic of): SHANGHAI, Tel. (021)3264140, Fax. (021)3202160. 
Columbia: BOGOTA, Tel. (01)249 7624, Fax. (01)261 0139. 

Denmark: COPENHAGEN, Tel. (032)883 333, Fax. (031)571 949. 
Finland: ESPOO, Tel. (9)0-50261, Fax. (9)0-520971. 

France: SURESNES, Tel. (01)4099 6161, Fax. (01)4099 6431. 

Germany: HAMBURG, Tel. (040)3296-0, Fax. (040)3296 216. 

Greece: TAVROS, Tel. (01)489 4339/(01)489 4911, Fax. (01)481 5180. 
Hong Kong: KWAI CHUNG, Tel. (852)724 5121, Fax. (852)480 6960. 
India: BOMBAY, Tel. (022)4938 541, Fax. (022)4938 722. 

Indonesia: JAKARTA, Tel. (021)5201 122, Fax. (021)5205 189. 

Ireland: DUBLIN, Tel. (01)640 203, Fax. (01)640 210. 

Italy: MILANO, Tel. (02)6752.1, Fax. (02)6752 3300. 

Japan: TOKIO, Tel. (03)3740 5143, Fax. (03)3740 5038. 

Korea (Republic of): SEOUL, Tel. (02)709-1412, Fax. (02)709-1415. 
Malaysia: KUALA LUMPUR, Tel. (03)757 5511, Fax. (03)757 4880. 
Mexico: CHI HUA HUA, Tel. (016)18-67-01/(016)1 8-67-02, Fax. (016)778 0551. 
Netherlands: EINDHOVEN, Tel. (040)7 83749, Fax. (040)7 88399. 

New Zealand: AUKLAND, Tel. (09)849-4160, Fax. (09)849-7811. 

Norway: OSLO, Tel. (22)74 8000, Fax. (22)74 8341. 

Pakistan: KARACHI, Tel. (021)577 032, Fax. (021)569 1832. 

Philippines: MANILA, Tel. (02)810-0161, Fax. (02)81 7-3474. 

Portugal: LISBOA, Tel. (01)388 3121, Fax. (01)388 3208. 

Singapore: SINGAPORE, Tel. (65)350 2000, Fax. (65)355 1758. 

South Africa: JOHANNESBURG, Tel. (011)470-5434, Fax. (011)470-5494. 
Spain: BARCELONA, Tel. (93)301 6312, Fax. (93)301 4243. 

Sweden: STOCKHOLM, Tel. (08)632 2000, Fax. (08)632 2745. 
Switzerland: ZURICH, Tel. (01)488 2211, Fax. (01)481 7730. 

Taiwan: TAIPEI, Tel. (2)509 7666, Fax. (2)500 591 2. 

Thailand: BANGKOK, Tel (2)399-3280 to 9, (2)398-2083, Fax. (2)398-2080. 
Turkey: ISTANBUL, Tel. (01)279 2770, Fax. (01)269 3094. 

United Kingdom: LONDON, Tel. (071)580 6633, Fax. (071)636 0394. 


United States: RIVIERA BEACH, Tel. (800)447-3762/(407)881 -3200, 
Fax. (407)881-3300. 


Uruguay: MONTEVIDEO, Tel. (02)704 044, Fax. (02)920 601. 


For all other countries apply to: Philips Components. 
Marketing Communications, Building BAE, 
P.O. Box 218, 5600 MD, EINDHOVEN, The Netherlands 


Telex 35000 phtenl, Fax. +31-40-724547. 
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Argentina: |EROD, Av. Juramento 1992 ~ 14.b (1428) BUENOS AIRES, 
Tel. (541) 786 7633, Fax . (541) 786 9367 
Australia: 34 Waterloo Road, NORTH RYDE, NSW 2113, 
Tel. (02) 805-4455, Fax. (02) 805 4466 
Austria: Triester Str. 64, A-1101 WIEN, P.O. Box 213, 
Tel. (01) 60 101-1236, Fax. (01) 60101-1211 
Belgium: Postbus 90050, 5600 PB EINDHOVEN, The Netherlands, 
Tel. (31)40 783 749, Fax. (31)40 788 399 
Brazil: Rua do Rocia 220 — 5th Floor, Suite 51 
CEP: 04552-903 SAO PAULO-SP, Brazil 
P.O. Box 7383-(01064-970), 
Tel. (011) 829-1166, Fax (011) 829-1849 
Canada: INTEGRATED CIRCUITS: 
Tel. (800) 234-7381, Fax. (708) 296-8556 
DISCRETE SEMICONDUCTORS: 601 Milner Ave., 
SCARBOROUGH, ONTARIO, M1B 1M8 
Tel. (0416) 292-5161 ext. 2336, Fax. (0416) 292-4477 
Chile: Av. Santa Maria 0760, SANTIAGO, 
Tel. (02) 773 816, Fax. (02) 777 6730 
Colombia: Carrera 21 No. 56-17, BOGOTA, D.E., P.O. Box 77621, 
Tel. (571)217 4609, Fax (01) 217 4549 
Denmark: Prags Boulevard 80, PB 1919, DK-2300 COPENHAGEN S, 
Tel. (032) 88 2636, Fax. (031) 57 1949 
Finland: Sinikalliontie 3, FIN-0O2630 ESPOO, 
Tel. (9)0 50261, Fax. (9)0 520971 
France: 4 rue du Port-aux-Vins, BP317 
92156 SURESNES Cedex, 
Tel. (01)4099 6161, Fax, (01)4099 6427 
Germany: P.O. Box 10 63 23, 20095 HAMBURG, 
Tel. (040) 3296-0, Fax. (040) 3296 213 
Greece: No. 15, 25th March Street, GR 17778 TAVROS, 
Tel. (01) 4894 339/4894 911, Fax. (01) 4814 240 
Hong Kong: 15/F Philips Ind. Bidg., 24-28 Kung Yip St., KWAI CHUNG, 
Tel. (0)42 45 121, Fax. (0) 4806 960 
india: PEICO ELECTRONICS & ELECTRICALS Ltd., 
Components Dept., Shivsagar Estate, Block ‘A’ , 
Dr. Annie Besant Rd., Worli, BOMBAY-400 018, 
Tel. (022) 49 38 541, Fax. (022) 4938 722 
indonesia: Philips House, Jalan H.R. Rasuna Said Kav. 3-4, 
P.O. Box 4252, JAKARTA 12950 
Tel. (021) 5201 122, Fax (021) 5205 189 
Ireland: Newstead, Clonskeagh, DUBLIN 14, 
Tel. (01) 640 000, Fax. (01) 640 200 
Italy: Viale F. Testi, 327, 20162-MILANO, 
Tel. (02) 6752.1, Fax. (02) 6752 3350 
Japan: Philips Bldg. 13-37, Kohnan 2-chome, Minato-ku, TOKYO 108, 
Tel. (03) 3740 5101, Fax. (03) 37400 570 
Korea (Republic of}: Philips House, 260-199 Itaewon-dong, 
Yongsan-ku, SEOUL, Tel. (02) 794 5011, Fax. (02) 798 8022 
Malaysia: No. 76 Jalan Universiti, 46200 PETALING JAYA, 
SELANGOR, Tel. (03) 757 5511, Fax. (03) 757 4880 
Mexico: Philips Components, ‘5900 Gateway East, Suite 200, 
EL PASO, TX 79905, Tel. 9-5(800) 234-7381, Fax. (708) 296-8556 
Netherlands: Postbus 90050, 5600 PB EINDHOVEN, 
Tel. (040) 78 37 49, Fax. (040)78 83 99 
New Zealand: 2 Wagener Place, C.P.0. Box 1041, AUCKLAND, 
Tel. (09) 849-4180, Fax. (09) 849-7811 
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Norway: Box 1, Manglerud 0612, OSLO, 
Tel. (22) 74 8000, Fax (22)74 8341 
Pakistan: Philips Markaz, M.A. Jinnah Rd., KARACHI-3, 
Tel. (021) 577 039, Fax. (021) 569 1832 
Philippines: PHILIPS SEMICONDUCTORS PHILIPPINES Inc., 
106 Valero St. Salcedo Village, P.O. Box 911, MAKATI, 
Metro MANILA, Tel. (02) 810 0161, Fax. (02) 817 3474 
Portugal: Av. Eng. Duarte Pacheco 6, 1009 LISBOA Codex, 
Tel. (01) 683 121, Fax. (01) 658 013 
Singapore: Lorong 1, Toa Payoh, SINGAPORE 1231, 
Tel. (65) 350 2000, Fax. (65) 251 6500 
South Africa: 195-215 Main Road, Martindale, 
P.O. Box 7430, JOHANNESBURG 2000, 
Tel. (011) 470-5433, Fax. (011) 470-5494 
Spain: Balmes 22, 08007 BARCELONA, 
Tel. (03) 301 6312, Fax. (03) 301 42 43 
Sweden: Kottbygatan 7, Akalla. S-164 85 STOCKHOLM, 
Tel. (0)8-632 2000, Fax. (0)8-632 2745 
Switzerland: Allmendstrasse 140, CH-8027 ZURICH, 
Tel. (01) 488 22 11, Fax. (01) 481 7730 
Taiwan: 69, Min Sheng East Road, Sec. 3, P.O. Box 22978, 
TAIPEI 10446, Tel. (2) 509 7666, Fax. (2)500 5899 
Thailand: PHILIPS ELECTRONICS (THAILAND) Ltd. 
60/14 MOO 11, Bangna - Trad Road Km. 3 
Prakanong, BANGKOK 10260 
Tel. (2)399-3280 to 9, (2)398-2083, Fax. (2)398-2080 
Turkey: Talatpasa Cad. No. 5, 80640 LEVENT/ISTANBUL, 
Tel. (0212) 279 2770, Fax. (0212) 269 3094 
United Kingdom: Philips Semiconductors Limited, P.O. Box 65, 
Philips House, Torrington Place, LONDON WC1E 7HD, 
Tel. (071) 436 4144, Fax. (071) 323 0342 
United States: INTEGRATED CIRCUITS: 
811 East Arques Avenue, SUNNYVALE, CA 94088-3409, 
Tel. (800) 234-7381, Fax. (708) 296-8556 
DISCRETE SEMICONDUCTORS: 2001 West Blue Heron Bivd., 
P.O. Box 10330, RIVIERA BEACH, FLORIDA 33404, 
Tel. (800) 447-3762 and (407)881-3200, Fax. (407) 881-3300 
Uruguay: Coronel Mora 433, MONTEVIDEO, 
Tel. (02) 70 4044, Fax (02) 92 0601 


For all other countries apply to: Philips Semiconductors, 
Marketing Communications, Building BAF-1, 

P.O. Box 218, 5600 MD EINDHOVEN, The Netherlands, 
Telex 35000 phtcnl, Fax +31-40-724825 
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